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SCIENCE PROGRESS 

RECENT ADVANCES 

AmJXD MATKS1EATXC8. By Prof. F. £. Rbltok, M.A., B.Sc.. 
Boyal School of Engineering, Giza. 

Elasticity . — The question of the vibration and instability of 
rotating bodies has been the subject of numerous investigations, 
both theoretical and practical. Most of the latter are under- 
taken by commercial firms for a specific purpose connected 
with their industry, and their results are frequently not made 
public. The mathematician, the physicist, and the engineer 
are all called in to co-operate, and some of the optical and 
electrical methods of investigation which are ultimately evolved 
are highly ingenious. Up till quite recently I was myself 
engaged on a rather difficult problem of this type : a thin and 
easily deformable shell rotating at not inconsiderable speeds 
approaching 30,000 revolutions per minute. Thanks to my 
friend. Prof. Finch (of Everest fame), the variable condenser 
and cathode-ray oscillograph were pressed into service, with 
literally illuminating results. 

The moral is that the mathematician cannot always expect 
to solve practical problems of this type by the unaided light 
of his own intelligence. Certain hypotheses and simplifications 
have to be made as a working basis ; but practical work not 
merely indicates the reliability of the assumptions, it frequently 
reveals factors in operation whose presence might otherwise 
have been unsuspected. The rotor with which most of us are 
concerned is the shaft, and ordinary needs are met by some 
such work as Timoshenko’s Vibrations in Engineering. When 
it comes to the higher flights, one has to go to original sources. 

Much work has been done on the phenomenon of instability 
in a shaft rotating at certain critical speeds. Rather less 
attention has been devoted to the problem of vibration at 
non-critical speeds, though some years back there was much 
correspondence on the alleged presence of large vibrations at 
l^^ds 0/2 and where 0 is the first whirling speed. 

Tne problem of “ shaft whipping ” at speeds above 0 also 
attracted notice some time ago, and a theory was advanced 
I 
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to account for it. The essence of this theory was that the 
instability was engendered by internal friction. The phenom- 
enon itself seems incontestable ; the explanation is more 
dubious. 

The problem is tackled by Prof. R. C. J. Howland, Phil. 
Mag., 76, in a paper on " The Vibrations of Revolving Shafts.” 
The viscosity of solids is not an easy matter; and though 
many writers on allied topics have found it convenient to use 
hysteresis effects, integrals over a timc-cycle are difficult to 
absorb into differential equations. Howland uses a simplified 
form of a law suggested by Filon and Jessop, by assuming that 
the tension in an extending fibre is due partly to its extension 
and partly to its rate of extension. The solution of the 
resulting equation presents no difficulty, but it fails to solve 
the mystery, the clue to which probably lies in some of the 
neglected factors. The author makes no claim to finality, and 
suggests two likely quarters in which to seek ; there is analytical 
(and probably experimental) work yet to be done. Incidentally 
the paper contains a slight misprint, the equality sign being 
elided from (2). In a later issue. No. 81, D. M. Smith, of 
Metrovics, calls attention to a slight misstatement and the 
author replies. 

The same number of this journal contains a paper by 
B. Sen on ” Stresses due to a Small Elliptic Hole or Crack on 
the Neutral Axis of a Deep Beam under Coastant Bending 
Moment.” The problem is treated as a matter of plane stress, 
so that the analysis can be conducted in terms of a single 
function. Elliptic co-ordinates are employed, by the usual 
transformation * + ly « c cosh + it)). No numerical results 
are supplied, but the quantitative results are what one would 
expect. From the lack of references one infers the author’s 
unawareness that plane stress round elliptic holes has been 
previously discussed by others, notably in papers for the 
Institution of Naval Architects. 

It is common practice in engineering to assume that the 
stress distribution can be regarded as plane. Much simplifica- 
tion is thereby ensured, especially if the linear law of distribution 
is superadded. One of the best-known results that follows 
from this is ‘ ' the law of the middle third , ' ’ which is so serviceable 
in civil engineering. An American writer, E. Kalman, in 
No. 77 of the same journal, writes on “ Two-dimensional Linear 
Elastic States ” and examines the implication of the linear 
relation, notably in its application to a beam and to dams. 

The Castigliano brand of elasticity has latterly slumped 
somewhat, but the wheel is still receiving attention. No. 81 
of the same journal has a paper by C. E. Larard, giving details 
of experiments that were performed testing the accuracy of 
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predictions made in a paper published last July. Those who 
are interested in the experimental side of elasticity might like 
to know that, according to J. Kuno, Phil. Mag., 11, phenolite 
is preferable for photo-elastic work to glass, celluloid, or even 
bakelite. 

Hydrodynamics . — ^The Phil. Mag., 11, has a paper by 
C. E. Lemin on " The Motion of a Sphere through a Viscous 
Liquid.” Stokes’s original formula for the fall of a sphere 
in a viscous liquid has been modified from time to time by 
various writers. Some allow for a coefficient of sliding friction ; 
others allow for the finitencss of the medium in which the fall 
occurs. The present paper is a record of experimental work 
to test Ladenburg’s modification. 

Closely allied to the falling sphere is the spherical bob of a 
pendulum. The same journal contains a paper by G. W. 
Brindley ” On the Turbulent and Stream-line Damping of a 
Pendulum in a Viscous Medium.” It appears that Stokes’s 
theory is acceptable if the amplitudes are sufficiently small, 
the logarithmic decrement being then constant. Actually the 
logarithmic decrement becomes smaller as amplitudes decrease, 
large amplitudes requiring a turbulent damping and necessita- 
ting a »* — law. In all practical cases, the damping due to the 
suspension is such that it cannot be ignored. The subject 
received further treatment, in the preceding issue, at the hands 
of F. E. Hoare, ” On the Damping of a Pendulum by Viscous 
Media.” This is mainly occupied in comparing approximation 
formulae with experimental results. 

” Experiments on Cylinders Oscillating in a Stream of 
Water,” by A. Thom, appears in No. 77. The cylinder is hung 
vertically in an horizontal stream of water and oscillates trans- 
versely. It will oscillate continuously if its natural period 
tallies with the rate of eddy-formation. As indicated by the 
title, the paper is mainly experimental, but naturally an attempt 
is made to link it up with the Karman vortex street. 

Last November I published ” The Steady Broadside Motion 
of an Anchor Ring in an Infinite Viscous Liquid,” Proc. Roy. 
Soc., 1931, 184, 47. The analysis is conducted in orthogonal 
curvilinear ring-co-ordinates, coupled with a stream function. 
Assuming that the motion is slow enough to permit the ig- 
noration of the inertia terms, the solution comes to depend 
on a fourth order partial differential equation. This I solved 
in Fourier form by the use of associated Legendre functions of 
degr^ half an odd integer. The usual stress- and rate-of-strain 
dyadics then lead to an expression for the resistance to the 
motion. At one time subsequently I had hopes that the 
computation of the associated Legendre functions would be 
undo'taken by some representative body. It appears that 



4 SCIENCE PRCXi^RESS 

Bessel functions are now more likely to receive attention. 
Nor am I greatly surprised, for when one comes to examine 
the matter, not as much as one would expect is known about 
the assodated L^endre functions. 

The publication of this paper had various consequences. 
Rather more than a year ago I publicly asked for a neat proof 
of a proposition that was useful in connection with viscous 
motion and the anchor ring. No replies were forthcoming, 
so ten months later 1 said 1 would publish my own solution. 
The essence of the proposition is in some of Gauss's work. 
The proof has now been published in the Jour. Land. Math. 
Soc., January 1932. It may disarm subsequent critidsm if I 
add that an Indian has indirectly communicated to me a prior 
claim to having solved the problem of the anchor ring in visco. 
I am not familiar with his work, but as I made no claim to 
priority, he is welcome to any claim he can establish. 

In my last article I made brief mention of a p^er on 
Oberbeck's vortices by two Indians, Banene and Barave. 
My comments were very restrained, but sufficiently pointed 
to show that mathematically the work was not to be taken 
too seriously. In the Phil. Mag., 81 , the blue bonnets came 
over the border in %hting formation. Twa Scotsmen, 
Rutherford and Caldwell, “ came from the hills where thdr 
hirsels were grazing ” and, taking the paper ou grand sirieux, 
made hay of it. 

Heat and Moisture Conduction. — Much of the mathematical 
analysis that applies to one branch of study is so closely allied 
to other branches that separation is effected by mere ter- 
minology. We may here therefore fittingly take note of a 
number of papers, beginning with Phil. Mag., 78 , “ On Some 
Problems in the Conduction of Heat,” by G. Green. This is 
apparently the fourth of a series published during the last 
four years. Ostensibly it gives “ an entirely general method 
of investigating the solution of all problems involving the 
transmission of an effect by wave motion throughout a limited 
medium.” That sounds very attractive ; but no claim is 
made that the method is more powerful than the orthodox 
methods. Perhaps this is as well, for some of the illustrative 
problems can be solved more neatly by a change to more 
suitable co-ordinates. This is noticeably the case in equation 
(30). ” In all branches of physics involving wave motion,” 
says the author, ” it is always possible to find a solution to 
represent a periodic disturbance throughout an inWtely 
extended medium emanating from a definite source.” I long 
to believe it ; unfortunately I know it to be untrue, aM 
many an aspirant has been reluctantly compelled to dump Ms 
research into the waste-paper basket for this very reason. 
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One thing the paper teaches, and that is how not to do it. 
There occurs, not once but many times, the most needless and 
unsightly infraction of good mathematical writing that could 
well be imagined ; a fraction, not even written in solidus 
form, with a square root sign and a vinculum. What a time 
the poor compositor must have had with it, especially that 
vinculum ; and why, seeing that it was to be used so often, 
could it not have been replaced by a single letter I 

In striking contrast, the same issue contains a paper by 
F. H. Schofield on the " Heat Loss from a Cylinder imbedded 
in an Insulating Wall.” This is a twenty-page paper bearing 
all those marks of good workmanship that one is accustomed 
to associate with papers emanating from the N.P.L. ; perhaps 
not very inspired, but a good honest attempt to master a 
difficult problem in the best manner short of the elegance that 
comes with exactitude. There is an adequate number of well- 
drawn diagrams ; the paper is divided into suitably headed 
sections and prefaced by an abstract. The problem is treated 
as heat, but the author realises that, with a mere change of 
terminology, it solves kindred problems in allied branches of 
science. No extravagant claims are made for it, and there is 
the recognition that many practical problems are not wholly 
covered. 

The outer rectangular boundary of the wall is taken as an 
isothermal. An imaginary inner boundary is also taken as 
an isothermal, of such shape and size that one of the isothermals 
comes pretty close to coincidence with the boundary of the 
cylinder. The application of the Schwarz-Christoffel method 
then produces a transformation in terms of Jacobian elliptic 
functions. The paper is amplified by one section on the 
graphical estimation of heat flow, and another on the electrical 
determination of the shape factor. The whole is nicely rounded 
off by a section dealing with an alternative method of theoretical 
treatment (incidentally not the only one) ; inexperienced 
writers of papers on applied topics might well take this paper 
for a model. 

The cooling problem may be stated in more general terms. 
A quantity of one material is heated and placed between two 
masses of a different material, as a casting in its mould. Given 
the initial temperatures of the three re^ons and the tempera- 
tures at the two outer boundaries, it is required to find the 
subsec^nt temperature at any point. A general discussion 
from the viewpoint of integral equations will be found in a paper 
by W. M. Rust, Amer. Tour. Math., 1932, vol. LIV, p. i. A 
simple case, involving only one co-ordinate, is first treated. The 
«se of semi-infinite outer regions has already been treated by 
Sommerfeld, Math. Ann., 1894, the Green’s function being 
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constructed by the method of images. The more general case 
leads to a system of Volterra integral equations of the second 
kind with bounded kernels. These latter vanish exponentially, 
so that the necessarily convergent successive approximations 
converge rapidly. 

MAnCBMATICAXi nmiOI.' By G. Temple, Ph.D., D.Sc., Assistant 
Professor of Mathematics at the Imperial College of Science and 
Technology. 

During the past year a most important advance in the classical 
theory of statistical mechanics has resulted from the application 
of the theory of linear transformations in Hilbert space. The 
main result obtained is a rigorous proof of the " ergodic 
theorem ” or the hypothesis of " quasi-continuity of path.” 
This result takes the form of a precise statement of the conditions 
for the existence of a ” time average ” for a single dynamical 
system and for its equivalence to an average over the phase 
space of an assembly of similar systems.* 

Linear Transformations in Hilbert Space , — ^An admirable 
summary of the purely mathematical apparatus required has 
been given by M. H. Stone in three articles on the geometrical, 
analytical, and operational aspects of the theory of linear 
transformations in an abstract Hilbert space (see references at 
end). The special Hilbert space of the investigations sum- 
marised below is defined as follows : 

Let P be a point of a region D in an N-dimensional phase 
space. The Hilbert space *5 is the class of all complex, 
measurable functions /(P) with a finite Lebesgue integral : 

f l/i* do), 

dta being an element of D. These functions are the ” points ” 
or “ vectors ” of <&. The scalar product of any two vectors 
/(P) and ^(P) is defined as 

if^g)A fg 

Jo 

where g denotes the complex conjugate of g. The length of / 
b defined as 

ll/ll=V(/,/). 

In the physical applications of this theory to an assembly of 
systems, the significant properties of the assembly are those 

* The recent advances in Quantum Theory will be dealt with in a separate 
article. 

* R. H. Fowler, Statistical MechanicSt Cambridge University Press, 1929, 

pp. 
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which ate valid almost everywhere in the phase space, i.e. with 
the exception of a set of points of measure zero. Accordingly 
the two important types of convergence of sequences of vectors, 

unm, .... 

are (a) “ strong conveigence,” characterised by the condition 
that — 

li/m- /nil -*"0 as m, »-^Q0; 

and (b) ” weak convergence,” characterised by the condition 
that for any arbitrarily chosen vector g(P), 

ifm- fn, g)-*o as m, n-^oo. 

In case (a) there exists a limit vector /(P) such that 
ll/-/«l|-*o as m-*co; 

and in case ( 6 ) there exists a limit vector /(P) such that 

(A. g) ■* (/. g) as « - 00 for any g (P). 

In both cases it is true that two limit vectors of the same 
sequence can differ only in a set of points of measure zero. 
These two t5rpes of convergence therefore provide the necessary 
freedom in the discussion of ‘‘ normal ” properti^. 

It remains to consider the linear transformations. A self- 
adjoint linear operator R in is a one-to-one punctual trans- 
formation of into itself such that 

(R/,g)~(/,Rg), 
and R (a/ + fig) - aR/ + fiRg, 

where / and g are any vectors and a, p any complex numbers, 
Rf denoting the vector obtained by operating on / with R. 
Such transformations can be expressed in the canonical form 

R-j" XrfE(X), (0 

where the ' ' spectral set of operators ” E( X) satisfy the conditions : 

(a) E(X) £({*)« E(ti) E(X)- E(|i) if X > {* ; 

(A) /tm E(X)'-o if X-^— 00, 
or 1 if X -► + 00 ; 

(c) E(X + o) • E(X). 

The discrete spectrum of R is the enumerable set of values 
of X at which 

E(X--o)4«E(X), 
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and the continuous spectrum is the set of intervals throughout 


which 


E(X)>JpE(|i) if X^fi. 


(These operational equations are, of course, equivalent to 
numerical relations, e.g. the canonical expression for R in 
(i) implies that 


(R/,g)-l Xd(E(X)/,^).) 

J — o» 


The special linear transformations which play the leading 
rdle in the applications of this theory are the unitary trans- 
formations. A unitary operator U is a linear operator which 
leaves invariant all scalar products, i.e. 

If a set of unitary operators U, form a group, the parameter s 
can always be chosen so that 

U.Ui- U.+,. 

The infinitesimal operator of this group is 

iR- [3U,/a5].... 

If £(X) is the spectral set of operators for R, the canonical 
expression for the group of unitary operators U, is 

U,-j’ «^dE(X). ( 2 ) 

In the application of group theory to statistical mechanics 
the concept of transitivity is conveniently replaced by the more 
elastic idea of “ metrical transitivity ” (Birkhoff and Stone). 
A group is said to be metrically transitive if the only measurable 
and invariant vectors are constant almost everywhere in 
Q. An equivalent defhiition is that 

w(A). w(Q — A) - o, 

where A denotes any set of points in invariant under the 
group and m(A) is the measure of the set A. A group is said to 
be “ completely transitive ” (Hopf, ref. 2 ) if each transformation 
of the group satisfies the condition for metrical transitivity. 

Application to Assemblies of Hamiltonian ^sterns . — The 
application of the preceding theory to statistical mechanics 
depends upon the representation of the motions of a dynamical 
S 3 rstem ^ a ^up of unitary transformations in a Hilbert 
space. Inis sunple and fertile idea is due to B. O. Kooproan. 
It provides a powerful method of attacking the ergodic theorem 
and related problems of statistics and probability. 

I^ 9*; Pi It 2 , . . .} are the values of the co-ordinates 
and the momenta of a Hamiltonian system at time i, the point 
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Pi in the phase space with co-ordinates (91, 9t> • • ■ ,^P%t - - •) 
represents the state of the system at this instant, ^e motion 
of tii^ point gives rise to a group of transformations S| defined 
by the equation 

SiPo - Pi. 

These transformations are the familiar contact transformations 
of general dynamical theory. Now this group of transforma- 
tions S< in the phase space induces a group of transformations 
U| in the associated Hilbert space >&,» defined by the equations 

Ui/(P,)-/(SiP.)-/(P|). 

These transformations are clearly linear ; since 

U.Ui-U.+i 

they have the ^oup property ; and, since the element of the 
phase space rfw is invariant under the gjoup S<, the transforma- 
tions U« are unitary. The isomorphism between the groups 
S| and Ui is the fundamental idea in Koopman’s method as 
applied by v. Neumann and Hopf to the ergodic theorem. 

This relation between the equations of motion and the 
unitary group U, throws light upon the representation of y* and 
pk by trigonometric sums and integrals. The canonical ex- 
pression for the unitary operators (2) shows that a representa- 
tion by trigonometric series can only be valid in the exceptional 
case when the entire spectrum of U, is discrete. In the general 
case both a series and an integral are required, and the repre- 
sentation is valid only in the sense of “ strong convergence.” 

Koopman’s method can also be employed to discuss 
Poincare’s problem of the mixture of liquids (Hopf, ref. 2). 
A steady flow of an incompressible fluid gives rise to a trans- 
formation group S». If initially a certain part of the fluid is 
red-coloured, we may enquire if the red colour becomes uni- 
formly distributed, in general, after a long time. It is difficult 
to prove that the density of red-coloured liquid actually 
converces, or even weakly converges, with increasing time to 
the value for a uniform mixture. Hopf has shown that a 
necessary condition for this result is that the group S« should 
be completely transitive. 

The Timg Average . — ^The time average of a function /(P*) 
characterising the state of a dynamical system at time t is 
determined by the values of the expression, 

mdt. 

^ The region O may be taken to he the whole of the phase apace or 
those manifolds in the phase space which are determined by specifjwg the 
v<Une of the energy or other constants of the motion. 
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V. Neumann and Hopf have given independent proofs that, as 
T-»oo, the vectors /t(P«) converge strongly to a limit /*(?«) 
which is independent of a, i.t. which can vary only with the 
particular trajectory studied. Birkhoff (ref. a) and Hopf 
(ref. i) have obtained the less important but more precise result 
that the functions MPa) actually converge to a limit /*(?•)> 
independent of a, everj^here except in a set of points of 
measure zero. 

V. Neumann’s proof depends upon the expression of D| in 
canonical form (2). Hopf proves directly that 

II/t(P.)-/v(P.OII-o as T,T'-co, 

independently of a, ci. The strong convergence of the sequence 
/t(P«) then follows from Riesz's theorem. Birkhoff 's proof, in 
its original formulation, considered the successive intersections 
of a trajectory with a fixed manifold of section. Hopf has 
generalised this method by considering the sequence of points 

P, Pj •* SjP, P**» SiPj, . . . , 

obtained by the iteration of the operation Sj on the initial 
point P. 

If ^(P) - iMiP) + giPt) + . . . + g(P.-,)]/«, 

the limit, Um ^»{P), 

M -*■ 00 


exists almost everywhere in G. Hence, if 


the time average. 


m- I'm 'll. 
rm- lim T/(p,)<«, 


exists everywhere in Q apart from a set of points of measure zero. 

The importance of this result for statistical mechanics is 
that it determines the significance of the " long-time averages ” 
whose very existence had hitherto been a pious hope. For, if 
/(P«) «■ r when P( belongs to a set of points A, and /(P|) — o 
for all other points, then the preceding argument shows that 
the time average ^P) exists as a definite limit for almost all 
initial points P. The time average so defined represents the 
probability that the representative point should lie in A at any 
specified epoch. 

The proof of the existence of this probability function /*(P) 
constitutes the first part of the ergodic theorem. The second 
part expresses this probability as the ratio of the volumes of 
A and u. 
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The Average over the Phase Spa ^. — ^The second part of the 
ei^dic theorem depends upon the following results (3) and (4). 
Sbce 

U.U,- 

it follows that 


U^t(Po)-/t{P.), 

whence 

u^*(P)“/*(P). (3) 


i.e. /•(P) is invariant under the group U,. 
invariant vector, 


whence 


(/t» g)> 


(/*. g) = {f.g)- 


If g{T) is any other 


( 4 ) 


If the group U, is metrically transitive, the only invariants 
are " constant ” functions ; i.e. the time average /•(P) is in- 
dependent of P except for a set of points of measure zero. 
g(P) must also be a constant, and on writing g(P) - i in (4), 
it follows that 

/•(P)-£/(P)da>j|^da>. 


Hence the time average of /(P) taken along any trajectory is 
equal to its average taken throughout the region 0 of the phase 
space. It follows that the probability that the representative 
point P on any trajectory should lie in a region A is “ normally ” 
equal to the ratio of the volumes of A and £1. 

It is clear that the metrical transitivity of U, is a sufficient 
condition for the truth of the second part of the ergodic theorem, 
(Hopf, ref. i). V, Neumann has proved that this condition is 
also necessary. This result completes the general discussion of 
the ergodic theorem. There only remains the special (and 
difficult^ problem of verifying the metrical transitivity of U# 
for particular Hamiltonian systems. 
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MMTMUMOIKt. By R. W. Wriolbv, M.A., Royta Observatory, 
Edinburgh. 

The Deflection of Light in the Sun’s Gravitational Field.-^ 
V^mous results of the Potsdam expedition to Sumatra for the 
eclipse of May 9, 1929, are published in Zeitschrift fUr Astro- 
physik, 1931, Band 3, Heft 3. One of the investigations was an 
attempt to check the Einstein effect, and no effort was spared 
to obtain an independent determination of the scale of the 
photographs and to avoid any distortion or other optical defect. 
The instrument was a double camera of 28-ft. focus used in 
conjunction with a coelostat, four exposures being made of the 
eclipsed sun and neighbouring stars, together with simul> 
taneous photographs of a check field 25® away, and the same 
regions were again photographed six months later. A r^seau 
was imprinted on all the plates so that any scale differences or 
distortion would be readily perceived during their measure- 
ment, and it was recognised that special precautions were 
necessary owing to the lack of symmetry in the distribution of 
the stars, nearly all of the eighteen used being on the same side 
of the sun. The mean of the measures of the four eclipse plates 
shows a definite deflection of the light in the sun’s neighbour- 
hood, but when the deflections are fitted to a hyperbolic curve 
and extrapolated to the sun’s radius, the resulting value is 
surprisingly large, and instead of the I'-ys predicted by the 
Relativity Theoi^ it amounts to 2'-24 ± o'-io. The earlier 
expeditions which had earned out this test were those from 
Greenwich in 1919, and from Lick in 1922. In the case of the 
former the original published value of I'-pS has been increased 
to 2 ''Id by taking account of the effect of the second order 
terms of refraction and aberration. Prof. Freundlich shows 
that the Lick result of 2**o5 would also be increased if a syste- 
matic error, introduced by using the outer ring of stars in the 
eclipse field to determine the scale, were eliminated. The 
revised value is 2**27. Using the results of the three expedi- 
tions, the mean deflection is about 2*-2, which, while certainly 
not Newton’s, is distinctly neater than Einstein’s theoretical 
value. This result, backed by the apparent agreement of the 
three independent determinations, is very remarkable, but 
further eclipse observations will be necessary to convince the 
theorists who acclaim 1*75 as the only possible value. If the 
higher value be proved correct, then some modification in the 
theory will be needed. The most ardent advocates of Einstein’s 
general theory hardly regard it as absolute and final, though 
its importance is unquestioned. Prof. Freundlich also obtained 
photographs with an astrographic telescope, but at the time of 
writing these r^ults have not been published. They will be 
of the greatest interest in spite of their snuiller scale, the f^ocal 
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lei^h of the instrument being only 1 1 feet. It is unfortunate 
that the coming North American eclipse of August 31 will not 
give an opportunity for a further test. The maximum duration 
of the total phase will be only 104 seconds, and the sun will be 
situated in a field of comparatively faint stars. 

Prof. Freundlich’s eclipse plates have been examined by 
H. von Kluber for the presence of an intra-Mercurial planet, but 
vdthout success. A body as bright as magnitude 9*5 at a 
distance exceeding 40' from the sun's limb, or of magnitude 7 
within that distance, would not have escaped detection, and 
there now seems but little chance of the existence of a planet of 
apfM’edable size within Mercury’s orbit. 

The Sun’s Equatorial Rotation Velocity . — In Monthly 
Notices, R.A.S., 92 . No. 2, J. Evershed submits evidence for 
an increase since 1928 in the solar rotation at the Equator as 
determined from spectrographic measures. All the earlier 
measures made between 1900 and 1911, including the visual 
ones of Dun^r and Halm and the first photographic determina- 
tions at Mount Wilson and at Edinburgh all gave a value exceed- 
ing 2 km. per sec., which agreed closely with that derived from 
sunspot observations. A later series of measures made at 
Mount Wilson by St. John gave a smaller velocity of i *90 km. 
per sec., which remained approximately constant till 1928. 
In 1929 and 1930 there was a tendency to increase, the value 
being i *95. Evershed 's latest observations, made between July 
and December 1931, givea mean velocity of 2*015 ± *026, which 
is in good agreement with the measures of 1 900-11, and, 
incidentally, with the sunspots. There is thus an indication 
of a possible variation with a period of some thirty years, which 
seems to be too long to permit a correlation with the changing 
polarity of sunspots. Evershed 's measures were based on 
1$ to 20 iron lines situated either in the H and K region or 
between wave-lengths 4,000 and 4,100, and precautions were 
taken that no instrumental shift affected the deduced values 
for the rotation. The variations in velocity relate only to the 
gases outside the photosphere, the latter being apparently 
unaffected by movements in the reversing layer. It has been 
found by Adams and confirmed by Evershed that certain lines 
representing high levels in the reversing layer give larger rota- 
tion values th^ low-level lines. It therefore seems probable 
that the observed variation in the velocity of rotation is due to 
a rewnt rise in the level of absorption of the lines measured, 
and is related to changes going on in the reversing layer. 

The DistriiuHon of Stars in Several papers on this 

subject have lately been published by F. H. Seares. In the 
^*hi>physiml Journal, vol. LXX IV, No. 2, he considers the effect 
of absorption ot light in space on the apparent distribution of 
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the stars when stated as a function of distance, and shows how 
the true space density can be expressed in terms of the absorp- 
tion function and the apparent stellar distribution derived from 
star counts. To obtain the true distribution it is therefore 
necessary to make some assumption regarding the absorption 
coefficient, for at present definite knowledge both as to its 
amount and possible selectivity is lacking. Scares assumes 
various different values and calculates from his formulse the 
corresponding stellar distributions. Taking Trumpler's value 
of 0*67 magnitude per 1,000 parsecs assumed constant through- 
out space {Lick Bulletin, 420), it is found that there is the 
expected increase in stellar density with distance in the galactic 
plane, but that the results obtained in other directions in space 
are anomalous, and indicate the probability of a variation of the 
absorption with both longitude and distance. Trumpler's 
value of 0*8 magnitude per 1,000 parsecs, which he found from 
his study of the diameters of galactic dusters, increases the 
difficulty of a theoretical increase in star density in inadmissible 
directions. Seares concludes that there must be large irregu- 
larities in the distribution of absorbing material ; that this 
material is finely divided dust and not the molecules of a con- 
tinuous stratum of gas ; and that possibly it tends to concen- 
trate about the galactic dusters. 

In the Astrophysical Journal, vol. LXXIV, Nos. 4 and 5, 
Seares develops and illustrates a numerical method for deter- 
mining the space-density function, in which the unknowns are 
the relative densities in successive spherical shells whose thick- 
nesses correspond to a constant increment in the logarithm of 
the distance. The star counts given in Groningen Publication 
No. 27 for latitude 0° are used for a numerical illustration, and 
it is found that, if a constant luminosity function is adopted, 
there are indications of a rapid change in space density for stars 
in the neighbourhood of the sun. This result is not accepted 
owing to its contradiction by other evidence, and Seares con- 
dudes that the decrease in frequency corresponding to increasing 
distance from the sun, holds good only for the intrinsically 
brightest stars, while also the luminosity function changes with 
galactic latitude. Both these conclusions are in harmony with 
our present knowledge of the structure of the local system, the 
helium stars accounting for the excess of high luminosities near 
the sun. 

A similar research has been carried out by Bart J. Bok, and 
is described in Harvard Observatory Circular, No. 371. He 
also has preferred a numerical method to an elaborate mathe- 
matical anal}rsis, and considers that it gives reliable results for 
a galactic system consisting of separate star clouds. A vary 
interesting comparison is made between the general luminosity 
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curve in the neu^hbourhood of our sun and the mean curve for 
the Magellanic Clouds. In the latter, all the stars are at prac- 
tically the same distance from us, and their apparent magni- 
tudes ^ve a direct measure of their absolute magnitudes. A 
discussion of star counts in an external system may therefore 
be more simple and direct than the same problem in our own 
neighbourhood, and may be of great help in its solution. In 
the near future the star counts for the Magellanic Clouds will 
reach down to the twentieth magnitude, and then not only the 
shape of the general luminosity function but also the probable 
deviations from the mean curve will be determined. This will 
represent a great advance on our present knowledge of our own 
system. Following his analysis of star counts in low galactic 
latitudes, Bok finds evidence for the existence of a local cluster 
and a real density gradient near the sun, and he prefers this 
hypothesis to that of a variable absorbing cloud with a strong 
central condensation in our vicinity. He agrees with Seares 
in considering Trumpler's value for the coefficient of absorption 
to be too high, and favours an estimate of 0*40 magnitude per 
1,000 parsecs remaining uniform throughout the galactic 
S3rstem. With this assumption, an analysis of the star counts 
of Groningen Publication, No. 43, confirms the existence of a 
local cluster, somewhat elongated in shape. 

Stellar Stability . — In Publication No. 2 of the University 
Observatory, Oslo (1932), S. Rosseland deals with the theo^ 
of oscillating fluid globes, and extends the work of Lord Kelvin 
on the homogeneous liquid globe to include the cases of hetero- 
geneous incompressible liquids and of gases with and without 
adiabatic changes of state. Following a mathematical treat- 
ment which reduces both problems to the solution of ordinary 
linear differential equations, the influence of dissipative agencies 
on the oscillation is studied, and a formula for the coefficient of 
stability is derived. This is then applied to the problem of a 
star built up on the standard model, which generates ener^ 
at a rate proportional to its mass. Such stars are found to be 
always stable whatever be their masses, and this result agrees 
vdth an earlier one reached by Eddington by an entirely 
different method. Rosseland here corrects certain of his 
results published in an earlier paper (Oslo Observatory, No. i), 
and he also joins issue with Jeans regarding his theory of stellar 
stability and his hypothesis that stars are largely in 9 liquid 
state. 

The Velocities of the Spiral Nebulas . — In a letter to Nature, 
Januaj^ 16, 1932, W. D. MacMillan expresses his scepticism 
regarding the interoretation of the shift towards the red in the 

S ectral Tines as a Doppler effect pure and simple, and offers an 
ternative explanation in terms of light quanta or photons. 
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If it be supposed that there is a small leakage of energy from 
the photon m its long journey of millions of years, due either 
to its inherent instability or to collisions with other photons, 
the frequency will decline with the enei^ and the spectrum 
lines will be shifted towards the red. It is suggested that, 
instead of a linear relation between the distance and the 
velocity of recession, the connection should be expressed by 
the equation 

where V is the observed velocity, c that of light, x the distance, 
and p a constant. These two hypotheses are indistinguishable 
on the basis of the observational data, and the relation between 
frequency and distance due to Doppler effect, 

v- then becomes v=" Vo . . . (i) 

If the percentage loss of energy c from the photon per unit 
distance of travel is constant, then 


where a is some constant, and consequently tee~ 

Dividing by Planck’s constant h where e = Av, the fre- 
quency v « vo^”**, which is indistinguishable in form from (i) 
above, and therefore from the law of Doppler effect derived 
from the observations of Hubble and Humason. The necessary 
rate of loss of energy in the light quantum is only i per cent, 
in a journey of 5,400,000 parsecs or 17,600,000 years. 

An alternative explanation is put forward by M. E. J, 
Gheury de Bray in Astronomische Nachrichten No. 58^, and is 
based on Van Maanen's measurements of proper motion in his 
photographs of the spiral nebula M. 81. These showed that 
the star condensations, in addition to a rotational motion, were 
receding from the centre of the nebula with a velocity apparently 
roughly proportional to the/ distance therefrom. De Bray 
suggests that this spiral nebula provides a model on which the 
whole visible universe is built. Just as the satellite family of 
Jupiter represents in miniature the structure of the more com- 
prehensive Solar System, so M. 81 is imagined as the model for 
a universe of similar spiral nebulae, the individual components 
all being possessed of velocities away from the centre propor- 
tional to their distances, and the whole structure resembung, 
not an expandng soap bubble, but a rotating Catherine whed. 
Needless to say, such a general rotational movement of the 
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whole system of spiral nebulae can only be confirmed by a much 
longer period of observation than is now available, but the 
suggestion, taken merely as a suggestion, is interesting. 

Astronomical Motion Pictures. — ^The educational value of 
moving pictures of celestial phenomena is now becoming more 
widely realised, and, as might have been expected, America is 
leading the way in the development of an instrument and a 
technique for their production. The University of Michigan 
has established at Lake Angelus, near Pontiac, a branch known 
as the McMath-Hulbert Observatory, devoted entirely to 
research in this field, and in the Publications of the Observatory 
of Michigan, vol. IV, No. 4, a description is given of the instru- 
ment employed and its special adaptations. The programme 
includes motion pictures of sunrise and sunset on the moon, the 
phases of Venus, the rotation of Jupiter and the movements of 
its satellites, stellar occultations, variable star cycles, motions 
of sun-spots, the activities of solar prominences, and cometary 
changes and movements. It is obvious that highly flexible 
drive-rate mechanisms are essential for the successful photo- 
graphy of bodies of such widely differing brightness and velocity, 
while It is also necessary to allow for the effect of refraction and 
parallax at considerable hour angles. The chief interest of this 
paper lies in the description of the electrical controls and other 
devices directed to these ends. The McMath-Hulbert Telechron 
driAung clock depends for its accuracy on the close regulation 
by the Detroit-Edison Co. of the cycle output, and the control 
of the motor speed is secured by a frequency changer, which 
alters the number of cycles of the current either up or down. 
The speed of drive of the film can be varied within very wide 
limits by sets of change gear, easily removed from or replaced 
on their appropriate shafts, and a partial gear, from which a 
calculated number of teeth have been removed, enables a 
suitable relation of dark time to light time to be adopted. 
Lunar photography has necessitated a special declination drive, 
consisting of a set of compound change gears driven by a 
synchronous motor, and it is also possible to allow for variations 
in the moon’s refraction and parallax in both co-ordinates. 
Tables are given for their convenient calculation for different 
hour angles. 

WfWIO#. By L. F. Bates, B.Sc., Ph.D., F.Inst.P., University College, 

London. 

American Contributions. — ^We must first consider a few im- 
portant papers on the photo-electric and thermo-electric 
I^perties of metals. We turn first to an experimental study 
photo-electric and thermo-electric properties of palladium 
by Du Bridge and Roehr {Pkys. Rev., 88, 99, 1932). This 
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material was chosen for investigation because of the relation 
which b known to exist between the position of an element in 
the periodic system and the eneiw necessary to remove an 
electron from its surface, i.e. its photo-electric work function. 
Whilst the alkali metals possess very low work functions, there 
is a tendency towards high values at the end of each period. 
Thus, platinum, the last element of the third long period, has 
a value of 6*3 volts, the h^hest so far recorded. 

Hence it was desired to know the values in the cases of 
palladium and nickel, which are the last elements in the two 
preceding periods, to see if they, too, were high. The authors 
find that the value for palladium is 4*99 ± 0*04 volts, a value 
which, although lower t^n that of platinum, is certainly higher 
than that recorded for any other element in the period to which 
the former belong. Glasoe (Phys. Rev., 88, 1490, 1931) has 
shown that a similar statement holds for nickel. 

Du Bridge and Roehr used a pyrex tube in which a strip 
of palladium foil was mounted along the axis of three concentric 
nickel cylinders. Of the latter, the two outer cylinders were 
earthed and acted as guard rings. The innermost cylinder was 
connected to a Compton electrometer through an insulating 
seal in the side of the tube. 

Mono-chromatic light from an air-cooled, quartz mercury 
arc entered the tube through a quartz window, and passed 
through a hole in the cylinder on to the filament during the 
photo-electric measurements. Or, the light from the filament 
itself could be examined through the window, by means of an 
optical pyrometer of the disappearing-filament type, when it 
was desired to know the temperature of the filament. The 
inner surface of the quartz window was protected from the 
deposition of metal by means of a magnetically operated shutter. 

In making thermionic measurements, simultaneous readings 
of the thermionic current and filament temperature were taken. 
The electrometer was here used as a null instrument in con- 
junction with a potentiometer. The thermionic current was 
found to be given by the expression A'T* where b was 
equal to 57,95o®K, which corresponds to a thermionic work 
function of 4*99 volts. The value of the constant A, which 
could not be accurately determined, was as close to the theo- 
retical value, 60 amp/deg.* cm.*, as could be expected. Thb 
is in contrast to the very high value for platinum, but is in 
agreement with the suggestion that high values of A are only 
obtained with very high values of b. 

The photo-electric currents were measured with temperature 
for six Afferent wave-lengths, and the photo-electric current 
was plotted against the wave-length for three different tem- 
peratures. From the latter curves it seemed that the photo- 
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electric threshold appeared to shift from X =s 2,490 to 2,660 A — 
*.«. from a work function of 4*95 to 4*64 volts — ^for a change of 
temperature from 305" to 1,078® K. As we shall soon see, 
this apparent shift is illusory. 

Now, it is particularly fortunate that R. H. Fowler (Phys. 
Rev., 88 , 45, 1931) has recently given a theory of photo- 
electric emission with which Du Bridge has compared the above 
experimental results. In Fowler’s theory it is assumed that 
the electrons within a metal obey the Fermi-Dirac statistics, 
and that the number ejected by the absorption of unit amount 
of energy of light of any frequency v is proportional to the 
number of electrons within the metal which have energies 
normal to the surface sufficiently great to overcome the surface 
potential step when augmented by the energy h.v. For the 
sake of mathematical simplicity, Fowler treats only the case 
where v is close to the ttu’eshold frequency, v,, a restriction 
which is also imposed upon the experimenter by the difficulty 
of handling light of high frequency. 

Fowler thus obtains for the photo-electric current I the 
following expression 

%I/T*-B + <J»(p), 

where B is a constant independent of v and T, 
p - A (v — Vo)/A‘T, and <1> (p) is a universal function of p which 
we need not reproduce here. 

It therefore follows that may be obtained for a given 
surface by plotting log I/P against A-v/AT, when the horizontal 
displacement required to make the experimental curve coincide 
with the theoretical curve is equal to h’Wojk’T. Fowler showed 
this to be correct with the experimental data for silver, obtained 
by Wrinch {Phys. Rev., 87 , 1269, 1931) ; for gold, obtained 
by Morris {Phys. Rev., 87 , 1263, 1931) ; and for tantalum, 
obtained by Cardwell {cf. Phys. Rev., 88, 45 , i 930 ' 
Bridge and Roehr now show that this procedure is correct in 
the case of palladium, the work function thus obtained being 
4'97 ± 0*01 volts, whereas the value obtained by extrapolation 
from the curve of photo-electric current against wave-length 
at 305*K, i.e. room temperature, gave 4*95 • Hence, the 
agreement is as complete as one could reasonably expect. Ifris 
means that the Fermi electron velocity distribution, on which 
Fowlor’s theory is based, receives very direct and convincing 
supTOit. 

Now, as Du Bridge takes pains to emphasise in a further 
paper {Phys. Rev., 89 , 108, 1932), it is worth our while to 
wtamine a few of the most striking results of Fowler’s theory. 
F^irstly, since log (I/P) is shown by experiment to be a universal 
function of p, the analysis and comparison of experimental 



so 


SCIENCE PROGRESS 


results become greatly simplified — indeed, in a way which 
one could not possibly suspect from an examination of the 
experimental curves of photo-electric current with wave- 
length, alone. 

Secondly, v,, is not the threshold frequency obtained by 
direct extrapolation from the latter curves. For Fowler's 
analysis shows that, at any temperature above o^K, the photo- 
electric current does not fall to zero at v « v„ but approaches 
zero asymptotically as v decreases. Hence, there can be no 
sharply defined threshold frequency at any temperature above 
absolute zero. Since, however, the current is proportional 
to (v — Vo)* at absolute zero, v, is a definite characteristic of 
the surface, and may be called the true threshold frequency, 
which may be obtained from measurements at ordinary tem- 
peratures. Hence <}>o, defined as /(%/«, the work function, is 
also a true characteristic. 

Thirdly, Fowler's theory predicts an increase of photo- 
electric current with temperature, the increase depending in 
a marked manner on the incident frequency. This is quite 
contrary to the earlier experiments, where photo-electric cur- 
rents produced by unresolved light were practically independent 
of the temperature. However, more recent experiments have 
shown this increase to exist, Ives having shown that it is 
greater for light of longer wave-length. 

The quantitative experiments of Wrinch, Morris, and Du 
Bridge and Roehr, to which we have referred above, are in 
complete agreement with Fowler’s theory. For v - v„ the 
current is proportional to P, but for higher frequencies the 
variation is much less rapid and is almost negligible for light 
whose wave-length is more than 200 A on the short-wave side 
of the threshold. V^en v is less than v, — there being no true 
threshold above absolute zero — ^the variation is extremely 
rapid. The temperature changes observed experimentally are 
completely explained by the increase in thermal energy of the 
electrons alone. 

Fourthly, the last statement leads us to expect a lack of 
sharpness in the maximum velocity of the emitted photo- 
electrons at high temperatures. Thb lack of sharpness is, 
fortunately, not very apparent at room temperatures, and does 
not lead to serious errors in finding v, by extrapolation, as we 
have just seen in the case of the experiments with palladium. 
It is, however, important at high temperatures, and we do not 
know its effect on the measurements of the maximum electron 
velocities at these temperatures. 

Fifthly, as Du Bridge shows, we may plot the function ^ ((*) 
as a function of log (a, when the curve consists of two branches, 
one for positive and the other for negative values of p. Con- 
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sidering the positive branch, this means that if we plot the 
experimental values of log (I/T*) against log (I/T), i.e, -log T, 
we must obtain a curve which, by an horizontal displace* 
ment parallel to itself, should coincide with the theoretical 
curve. The vertical shift, as in an earlier case above, does not 
interest us. 

Now, the above-mentioned horizontal shift is equal to log 

— because |i-log [A(v - v*)/^] — log T, Hence, u 
we know v, v, is known. We note, in fact, that A(v — Vj)/yfe 
is a kind of characteristic temperature for the particular 
surface and v employed. The main importance of this method 
of plotting is that we can find v* by measurements with one 
frequency only. Again, if a series of such isochromatic curves 
is obtained, no reduction of the curves to unit intensity is 
necessary, because the vertical shift does not concern us. 

The new method of plotting was very satisfactory in the 
case of the experimental results with palladium and with 
Morris’s results for gold. In both cases all the experimental 
points fell on a smooth curve. For palladium, <fto was found 
to be 4’97 volts, and for gold 4‘8i volts. 

Turning now to the negative branch of Du Bridge’s theo- 
retical curve, we realise that this branch refers to observations 
which are taken on the low-frequency side of the true threshold 
Vo. Such observations are difficult to make, owing to the 
smallness of the currents and to the huge effect of stray light 
in this region. Du Bridge, however, managed to obtain a 
few such observations. Their agreement with the theoretical 
curve was within the limits of experimental error, and they 
gave a value of v„ within about i per cent, of the value other- 
wise obtained. They may therefore be taken as a further 
experimental verification of a theory which will do much to 
clarify our views on photo-electric and thermionic phenomena. 

Some interesting discussions took place at the meeting of 
the American Physical Society at Schenectady last September. 
They are reproduced in the Phys. Rev., 89 , 337, 1932. At 
least two contributions are worthy of special comment. The 
first is Cioffi’s paper on hydrogenised iron which will be dealt 
with elsewhere in this number of Science Progress. The 
second is a description of some new experimental methods in 
ferromagnetism, by S. L. Quimby. 

Quimby described the production of very pure nickel single 
crystals in the form of rods 4 to 6 mm. in diameter and 5 to 
10 cna. long. With such rods he measured the thermal expan- 
sion in the neighbourhood of the ferromagnetic Curie point. 
He found results similar to those previously reported for poly- 
crystalline nickel. It appears that the coefficient of thermal 
expansion of a nickel rod reaches a sharp maximum at about 
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^•C., then decreases sharply within the next is*C. nr so, and, 
mially, rises to a value in the immediate vicinity of the £wro- 
magnetic Curie point which increases but slowly with furtho* 
rise in temperature. 

Quimby also investigated the variation of Young's modulus 
of single ciystal rods of nickel by a very ingenious method. A 
rod was sawn in half; the sawn ends were ground flat and 
cemented to the opposite sides of a piezo-electric <|uartz plate, 
0*4 mm. thick, by means of a special cement. The electric 
axis of the quartz was parallel to the axis of the rod. The two 
halves of the rod were connected by fine wires to an oscillating 
electric circuit, so that an alternating potential difference was 
established across the quartz. The latter therefore suffered 
alternating strains which were transferred to the nickel, the 
whole system thus being set into forced elastic vibration. 

The current supplied to the small condenser, of which the 
quartz plate formed the dielectric, was measured. The whole 
system could be set into resonant vibration. In the neigh- 
bourhood of the resonant frequency, the current supplied to 
the small condenser exhibited the well-known successive 
maximum and minimum values as the frequency of the supply 
was increased to pass through the region of resonance. If the 
maximum and minimum currents and the frequencies at which 
they occurred were measured, it was possible to calculate the 
resonant frequency. Allowance was made for the free p^iod 
of the quartz plate itself, so that the free period of the nickel 
rod was thus obtained. The latter period of course depended 
on the value of Young's modulus for the rod. 

Quimby gives details of the method used to cement nickel 
to quartz, and of the method of measuring high frequencies 
with the great accuracy necessary. Young’s modulus for these 
rods fell fairly quickly with temperature until about 200 ^ C., 
when it then increased until the ferromagnetic Curie point was 
reached, after which it again decreased with rise in temperature. 

A new determination of the ratio of the charge to the mass 
of an electron by means of the Zeeman effect is described by 
J. S. Campbell and W. V. Houston {Phys. Rev., 89 , 601, 1933). 
This work was started before the cathode-ray determinations 
of Chaffee and Perry (PAys. Rev., 86, 904, 1930) and of Kirchner 
(Phys. Zeit., 81 , io;'4, 1930) were published. 

It will be remembered that Biige suggested that the differ- 
ence between the more accurate cathode-ray determinations, 
such as those of Wolf, and the spectroscopic determinations of 
Babcock was so great that the two sets of experiments wore 
really measuring different quantities ; i.e. that the ratio elm 
for an electron in a discharge tube was not the same as that tor 
a valency electron in an atom, even after the necessary allowance 
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had been made for the known variation of mass with velocity. 
The value from Wolf's experiments was 1768 x io» e.m.u. per 
gm., whilst that found by Babcock was 1761 x 10*. 

The value found by Chaffee and Perry was in acpreement 
with Babcock’s value, and they indicated that the higher value 
found by Wolf was probably due to the presence of a very small 
amount of gas in his discharge tube. For the sake of com- 
pleteness, it remained only to show that Babcock's spectroscopic 
determination was exact. 

Campbell and Houston examined the Zeeman effect with 
the Cd 6439 line and the Zn 6362 line, for which lines the g- 
factors, or Land^ splitting factors, are accurately known. 
These factors are actually very nearly equal to unity. With 
a specially cooled solenoid they produced a steady field of 
7,300 gauss over a 6-cm. length in the middle of the solenoid, 
where the source of light was placed. The accurate calibration 
of the solenoid is very fully described in their paper. 

The spectroscopic measurements were made with a Fabry 
and Perot interferometer, for the above lines are singlets, and 
the Zeeman doublets, obtained when the sources are viewed 
along the lines of force, are ideal for examination with this 
instrument. Appropriate corrections were made for the fact 
that the various components which go to make up each line of 
the Zeeman doublet do not overlap exactly, resulting in an 
unresolved but complex line, whose centre of gravity must be 
calculated from the known formulae given in treatises on the 
theory of spectra lines. The value found for e/m was 1 7579 ± 
0*0025 ^ e.m.u. per gm. This is a little lower than Babcock’s 
value, but the accuracy is not sufficiently great for any signifi- 
cance to be attached to the difference. 

A comprehensive survey of the production of extremely 
short electromagnetic waves by the method of Barkhausen and 
Kurz, is given by G. Potapenko (Phys. Rev., 89 , 625, 1932). 
Barkhausen and Kurz placed a comparatively large positive 
potential between the grid and filament and between the grid 
and plate of a valve. Electrons were imagined somehow to 
pass through the grid, be repelled by the plate, to retrace their 

g aths almost back to the filament, and so continue to oscillate 
ackwards and forwards through the grid. The short waves 
generated, apparently by this strange behaviour of the electrons, 
were communicated to a Lecher wire system. 

The arrangement used by Potapenko is very similar. Imagine 
two long parallel copper wires. Let one wire be cut at its mid- 
point. Join one of the cut pieces to the plate and the other to 
the grid of a valve. Cut the other wire at its mid-point and 
insert a “ ballast " condenser — a condenser of capacity equal 
to that of the valve — between the two pieces. Bridge the two 
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distant ends of the parallel wires with movable‘plate bridges. 
Connect the bridge coupled with the piece of wire joined to the 
plate through a (moke coil to the filament. Connect the bridge 
coupled with the piece of wire joined to the grid through a 
choice coil to the positive pole of a batteiy. Couple a Lecher 
wire S3rstem loosely with the plate circuit, and short waves 
will be communicated to it. 

Vacuum tubes may thus be made to generate two types of 
waves. Firstly, we have the Barkhausen and Kurz waves, 
whose period is almost equal to the time necessary for an 
electron to go from the filament to the plate and back again. 
Secondly, there are waves of shorter wave-length, called dwarf 
waves. These are waves produced by circuits within or without 
the valve, such that the electrons perform two or more complete 
journeys almost from the filament to the plate and back again 
during the time normally taken by an electron in making this 
journey. They are particularly important, as the higher orders 
are generated with lower grid potentials, i.e. under steady 
wor^g conditions of the tube. Potapenko has devised an 
effective diagrammatic method of representing the various 
conditions of operation of the tube, i.e. the grid voltage and 
plate current as functions of the frequency of the short waves 
generated under these conditions. 

Three new papers on cosmic radiation and allied problems 
have just appeared. In the first (Phys. Rev., 99, 391, 1932) 
R. A. Millilmn records that, after eliminating the possibility 
of temperature disturbances in high-pressure electroscopes, the 
sun can be proved to have no direct influence on cosmic radia- 
tion intensities, at any rate within the limits of experimental 
error, which is of the order of one-third of 1 per cent. 

In the second (Phys. Rev., 99, 397, 1932) Millikan deals 
with the lack of saturation in measurements with high-pressure 
electroscopes. Thus, the residual ionisation in an (uectroscope 
at very great, theoretically infinite, depths in water was found 
to be an inverse function of the pressure inside the electroscope. 
Moreover, when the pressure was increased from i to 30*1 
atmospheres the ionisation current rose only i3*8o-fold, both 
for cosmic radiation and for Y-ra3rs, a point of some theoretical 
significance. 

The third paper b a report of an attempt to deflect cosmic 
radiation by means of a magnetic field, carried out by 
L. M. Mott-Smith (Phys. Rev., 89, 403, 1932). Three Geiger- 
Milller counters were arranged in line, and were so connected 
by valve arrangements that a signal was made only when all 
three counters were simultaneously activated by the passage 
of a single cosmic ray through tnem. Between the second 
and third counters a block of magnetised iron, a part of 
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a closed-core electromagnet, was placed. The field inside the 
iron was about 1 7,000 gauss, and the iron was of such thickness 
that an observable deflection of the radiation should have 
resulted if the latter consisted either of electrons which had 
fallen through a potential difference of 2 x lo* volts or less, 
or of protons which had fallen through lo* volts or less. Such 
a deflection would have resulted in a decrease in the number of 
signals observed per hour when the magnet was excited. No 
decrease was observed when the magnet was excited, and we 
may conveniently consider the following statement, which is 
practically an extract from Mott-Smith’s paper. 

It seems difficult to believe that the radiations responsible 
for the signals were electrons or protons, unless the effective 
magnetic field in the iron was of a different order of magnitude 
from the value of the magnetic induction, a point which it 
would be desirable to test with an ordinary air magnetic field, 
for which, of course, powerful electromagnetic equipment 
would be required. 

If the signals were caused by the passage of a photon 
through the counters, the above results would be at once 
explained. This, however, seems to be excluded both on 
theoretical and experimental grounds. For Bothe and 
Kolhorster have shown theoretically that photons cannot 
produce such signals. Again, Mott-Smith and Locher {Phys. 
Rev., 88 , 1399, T931) have shown that the radiation which 
produces such a signal also produces an ionisation track in a 
Wilson cloud chamber, which also indicates that the radiation 
is not a photon. 

Another possible explanation is one which has been put 
forward by Pauli, and by Carlson and Oppenheimer {Phys. 
Rev., 88 , 1787, 1931), namely, that the cosmic radiation is 
made up of neutrons, i.e. particles in which the positively and 
negatively charged constituents are so close together that they 
produce no detectable external field of force. Hence they 
would not be deflected by passage through a magnetic field. 
Carlson and Oppenheimer also calculate that a neutron might 
produce the amount of ionisation observed by Mott-Smith and 
Locher in a Wilson cloud chamber. 

Mott-Smith concludes his paper with the statement that 
although the possibility of a neutron is in many ways attractive, 
it would seem that evidence of a more direct nature would 
have to be found for the existence of neutrons before it could 
seriously be concluded that cosmic radiation phenomena are 
due to them. In the next section we shall deal with the 
evidence of a more direct nature. 

The Neutron . — ^The first direct evidence in favour of the 
exutence of the neutron is to be found set forth in a letter from 
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T. Chadwick, published in Nafure of February 27, 193a- That 
evidence was reviewed, with customary clarity and restraint, 
by Lord Rutherford in his lecture on the origin of y-rays, given 
at the Royal Institution on March 18. 

It had been found by several investigators that beryllium, 
when bombarded by a-rays from polonium, emitted a very 
penetrating radiation ; in fact, so penetrating that it could 
pass through nearly an inch of lead before being reduced to one- 
half its initial intensity. This radiation was recently studied 
by M. Joliot and Mme Curie- Joliot (the son-in-law and daughter 
of Mme Curie), who allowed it to pass through a thin window 
into an ionisation chamber. They found that, instead of 
showing a slight decrease, the ionisation produced in the 
chamber was actually increased when a film of material con- 
taining hydrogen was placed between the beryllium target 
and the window. This effect was shown to be due to protons 
expelled from the film with velocities up to nearly 3 x lo* cm. 
per sec. 

Now, the most effective way of dealing statistically with 
such protons is to examine them by means of a valve counter. 
This was done by Chadwick, who found that the radiation from 
beryllium ejected particles from hydrogen, helium, lithium, 
beryllium, carbon, air, and argon. He found, however, that 
whilst the particles ejected from hydrogen appeared to be swift 

E rotons, those ejected from the other elements appeared to be 
eavier recoil atoms, i.e. atoms which had experienced powerful 
collisions without suffering disruption. 

Now, the most efficient method of examining recoil atoms 
is by means of the Wilson cloud chamber, and Chadwick and 
Feather carried out an investigation along these lines. They 
found that some of the recoil atoms of nitrogen produced at 
least 30,000 ions, and their range was sometimes as great as 
3 mm. in air at N.T.P. 

These facts are of great importance, for M. and Mme Joliot 
suggested that the radiation from beryllium took the form of 
photons with a quantum energy of 5 x 10’ electron-volts. They 
further suggested that energy was imparted to a proton by 
a process similar to that which occurs in the Compton scattering 
of x-rays. This would certainly explain the range of velocities 
observed with the ejected protons. It would, however, also 
predict that a nitrogen recoil atom could not travel more than 
I -3 mm. in air at N.T.P., and that it could not produce more than 
10,000 ions. These numbers are, however, much smaller than 
those found by Chadwick and Feather. To preserve the sug- 
gestion that the radiation from beryllium had a quantum 
character, it would be necessary to admit that energy and 
momentum cannot be conserved in these collisions. 
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Chadwick avoids this unpleasant admission, by showing 
that all the experimental results so far obtained can be explained 
on the assumption that the radiation from beryllium consists 
of particles of unit mass and zero charge ; in other words, of 
neutrons. It is suggested that a Be* nucleus captures an 
a-particle, and that a O* nucleus is thereby formed and a 
neutron expelled. Under these circumstances sufficient energy 
would be available to give the neutron a velocity of over 
3 X 10* cm. per sec., and thus cause it to produce recoil atoms 
with the velocities found by experiment. 

The importance of measuring in the Wilson chamber the 
recoil tracks of various atoms produced by the radiation from 
beryllium is now apparent. A comparison of such tracks 
should enable us to calculate the mass of the neutron. This 
was done by Chadwick, and a mass about the same as that of 
a hydrogen atom was found for the neutron. The experiments 
are, however, only in their early stages, for, clearly, the presence 
of the neutron is bound to open up a new field of research. 

Finally, at a time when every available expansion chamber 
must be working " overtime ” in the intensive search for 
neutrons, it is fitting that we should here record that on March 1 8 
the Duddell Medal of the Physical Society of London was 
presented to Prof. C. T. R. Wilson, the inventor of the Wilson 
doud chamber. 

OXOAVXC CKEMI8TBT. By J. N. E. Day, M.Sc., A.I.C., University 

College, London. 

Robinson and co-workers have recently published a further 
series of papers on the synthesis of anthocyanins (J.C.S., 1931, 
266s, 2672, 2701, 2715, 2722, 2730, 2732, 2738) (see this 
journal, 86 , 202). The preparation of 3-p-glucosidylcyanidin 
chloride (IV) has been carried out in the following way : the 
sodium salt of w-3 : 4-trihydroxy-acetophenone with acetic 
anhy^de gave o)-hy^oxy-3 : 4-diacetoxyacetophenone (I) ; 
this, when treated with o-tetra-acetyl-a-glucosidyl bromide 
and silver carbonate gave w-o-tetra-acetyl-p-glucosidoxy-3 : 4- 
diacetoxyacetophenone (II). Condensation with o-benzoyl- 
phlort^ludnaldehyde gave (III), which on hydrolysis with 
sodium hydroxide and treating with hydrochloric add gave the 
required compound (IV), which has been shown to be identical 
with duysanthemin chloride from the flowers of the deep red 
chrysanthemum. 

The preparation of pelargonidin 3-p-glucoside was referred 
to in a previous article (this joimnal, ibid.). The isomeric 
P’glucosiaes have now been prepared : o-benzoylphlorogludn- 
aldehyde and 4-tetra-acetyl-p-glucosidoxy-ci)-acetosyacetophe- 
none gave finally in the usual way pelargonidin chloride 4'-^ 
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glttcoude (V) ; o-bentoylphloros^ucinaldehyde was converted 
to 6-hydroxy-a : 4-dibenzoyloxyoenzaldehyae, the tetra-acetyl- 
glucoside was prepared, hydrolysed, and condensed with 
c»-4-dihydroxyacetophenone, giving pelargonidin 5-p-glucoside 
(VIII) ; o-benzoylphlorogludnaldehyde was converted into the 
tetra-acetyI-( 3 -gIucoside (VI), and this with a>-4-dihydro3graceto- 
phenone gave pelargonidin chloride 7-p-glucoside (VII). 
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3-p-Glucosidyl-malvidin chloride (IX) has been synthesised 
from co-o-tetra-acetyl-p-glucosidoxy-4-acetoxy-3 : s-dimethoxy- 
acetophenone and o-benzoylphlorogludnaldehyde, and shown 
to be identical with ccnin chloride, the pigment obtained from 
the skin of the purple-black grape. 

3-p-Glucosidylpeonidin chloride (X), prepared from «4-o- 
tetra-acetyl-p-glucosidoxy-4-acetoxy-3 -methoxyacetophenone 
and o-benzoylphlorogludnaldehyde, has been shown to be 
identical with one of the pigments of American cranberries. 

The syntheses of 3-p-galactosidyl<^anidin chloride, 3-p- 
galactosidylpeonidin chloride, 3-^-glucosidylfisetinidin chloride, 
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5>^^uoosidyl- and S'lactosidyl-hirsutidin chlorides are also 
described. 

Smiles and co-workers report an interesting rearrangement 
of certain sulphur compounds under the influence of alkali 
(J.C.S., 1931, 914, 2207, 3264). Thus the tso-p-naphthol 
sulphide (XI) gives 2-naphthoI-i -sulphide (XII), while the tso- 
sulphone (XIII) does not react. In the case of 2-naphthol-i- 



c.H.,0,0 


(IX) 


(X) HO 


HO 

sulphone (XIV) the reaction takes place, but at the temperature 
of the experiment, in place of (XIII^, the dinaphthyl oxide (XV) 
was isolated. A further example is given by 2-mtrophenyl-4- 
hydroxy-m-tolylsulphone (XVI), giving 2-nitrophenyl-3-sui- 
phino-^-tolyl ether (XVII). These results are some of those 
discussed in the papers, mainly from the point of view of the 
charge on the sulphur atom. 

Morgan and Coulson (/.C.S., 1931, 2323), continuing their 
work on the methylated anthracenes (see this journal, 26 , 12), 
have now prepared 2:3:6: 7-tetramethylanthracene and the 
corresponding quinone required for reference purposes in the 
identincation of a tetramethylanthracene from the anthracene 
fraction of tar distillates. 

2:415:3': 4'-Pentamethylbenzophenone (XVIII) was ob- 
tmned by condensing 3 : 4-dimethylben2oyI chloride (XIX) 
with 4*'cumene, in the presence of aluminium chloride. 3 / 4 - 
Dimethylbenzoyl chlonde, when treated with aluminium 
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chloride, gave 2:3:6: 7-tetramethylanthraquinone (XX). 
2:3:6: 7-Tetramethyl-9-anthrone (XXI) was obtained by 
heating the above pentamethylbenzophenone (XVIII) ; oxida- 
tion of this with chromic anhydride gave the 2:3:6; 7-tetra- 
methylanthraquinone (XX), while reduction with sodium in 
amyl alcohol gave 2:3:6: 7-tetramethyl-9 : lo-dihydroanthra- 
cene (XXII). 2:3:6: 7-Tetramethylantluracene (XXIII) was 
obtained from the above compound (XXII) by heating with 
selenium. 

In order to show definitely the position of the four methyl 
groups in the tetramethylanthracene, the substance was also 




(XVI) 



(XII) 



(XVU) 


prepared in the following way : condensation of 2 : 3-dimethyl- 
A*=*-butadiene with p-benzoquinone gave 2:3:6: 7-tetra- 
methyl- A*'*-octahydroanthraquinone (XXIV). \i^en this was 
treated with alcoholic potash it gave an isomeride which was 
converted, by means of oxygen, to 2:3:6: 7-tetramethyl- 
anthraquinone (XX). 

Further work on the migration of acyl groups in o-amino- 
phenols is described by Bell (J.C.S., 1931, 2962). 2-Acetamido- 
phenyl benzoate (XXV) (prepared from 2-acetamidophenol and 
benzoyl chloride) was unwanged by heating above its melting- 
point (by boiling in xylene) ; on the other hand, 2-benzamido- 
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phenol acetate (XXVI) (prepared from 2-benzamidophenoI and 
acetyl chloride), on heating to 150°, was partly converted to 
2*acetamidophenyl benzoate. 2-a-Naphthamidophenyl acetate 
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(XXVII) on heating was partly converted to 2-acetamidophenyl 
a-naphthoate (XXVIII), and the latter compound (XXVIII) 
on heating was partly converted to the former (XXVII). 
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(XXIX) 
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2-a-Naphthamidophenyl benzoate and 2-benzamidophenyl 
o-naphthoate (XXIX) were both unchanged by heating ; on 
hydrolysis both gave 2-a-naphthamidophenol (XXX). These 
and other results are discussed in the paper. 
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BXOOniimSiT. By P. Eoglbton, D.Sc., University, Edinburgh. 
Glutathione . — series of papers by E. C. Kendall, B. F. 
MacKenzie, and H. L. Mason, beginning in vol. 84 of the 
Journal of Biological Chemistry in 1929, has led to the identifica- 
tion of glutathione though not as yet to its synthesis. Starting 
out from the fact that glutathione was found to be a tripeptide 
of c^tine, glutamic acid, and glycine, nine of the twelve 
possible arrangements of these three amino acids were elimin- 
ated by a consideration of the action of hypobromite on the 
molecule. The surviving three were glycyl-glutamyl-cysteine, 
glutamyl-cysteinyl-glycine, and glutamyl-glycyl-cysteine. For- 
mation of glycyl-cysteine anhydride on hydrolysis in boiling 
water removes the first of these possibilities (/. Biol. Chem., 
1930, 87 , 55-79). The glutamyl-glycyl-cysteinc possibility was 
eliminated by the fact that when the ester of glutathione (pre- 
pared by treatment with hydrochloric acid gas in absolute 
alcohol) was treated with phenyl magnesium bromide, the 
addition product (with an N : S ratio of 3:1) gave diphenyl 
amino ethyl alcohol on hydrolysis, showing that the carbo^l 
group of glycine in glutathione is not substituted (/. Biol. 
Chem., 1930, 88, 409-23). Further study of the hydrolysis 
products of glutathione reported in the same paper all confirmed 
the view that the molecular arrangement is that of glutamyl- 
cysteinyl-glycine. Hydrolysis of crystalline glutathione in 
water at 62° gives a large yield (approximately two-thirds 
theoretical! of pyrrolidone carboxylic acid. This add does not 
appear to oe formed via free glutamic acid, for the latter was 
found to be quite stable in the presence of glutathione at this 
temperature. There was little or no corresponding anhydride 
formation on the part of the cysteinyl-glycine simultaneously 
formed. Some measurements were made of the hydrolysis of 
glutathione by erepsin. The unusual slowness of this hydrolysis 
led Mason to the conclusion that the erepsin does not catalyse 
the primary hydrolysis given above, but that it accelerates the 
hydrol3rsis of C3rsteinyl-glycine. There was no evidence of the 
production of diglutamyl-cystine, contrary to the experience 
of Grassman, Dyckerhoff and Eibeler with pancreatic carboxy- 
pol^^ptidases {Zeit.f. Physiol. Chem., 1930, 189 , 112-20). 

Oxidised glutathione has been prepared recently by Mason 
(/. Biol. Chem., 1931, 90 , 409-16) by aerating an alkaline gluta- 
thione solution containing a trace of ferric sulphate, had 
been found by Hopkins, the product shows a defidency of 
sulphur. Oxi^tion with ferricyanide gave the same result, but 
Mason has produced evidence that this is not due to decomposi- 
tion but to the formation of a compound of the oxidised gluta- 
thione with the alcohol used for recrystallisation. Electro- 
metric titration revealed two acid groups to each amino 
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group and an equivalent ^ight of i8o (theoretical for 
GS— ^G.2CtH,OH, 176). The removal of this alcohol is 
^fficult but can be achieved by dr3dng at iii° in vacuo. 

Pure crystalline glutathione lias a stability in aqueous 
solution which is disappointing in a respiratory catalyst. The 
rapid oxidation by atmospheric air of the earlier preparations 
is now found to be due to the traces of copper present, as an 
impurity. Almost simultaneously papers have appeared from 
Veogtlin, Johnson, and Rosenthal (/. Biol. Chem., 1931, 9 ®, 
435 -S 3 )> and N. W. Pirie (Biochem. Joum., I 93 i» ®6» iS 6 s- 79 ) 
deding with the activity of a variety of metals in promoting 
the atmospheric oxidation of glutathione. Both are agreed as 
to the great activity of copper in this connection, but differences 
of tecl^que make it difficult to compare their results. Thus, 
Pirie used hydrogen peroxide and the other authors atmospheric 
oxygen for the oxidation. These latter used a phosphate buffer 
for stabilising the reaction, a fact which accounts for an apparent 
contradiction between the two papers. The latter authors 
find very little activity attributable to iron, whereas Pirie finds 
this metal to have an activity comparable with that of copper 
provided phosphate and pyrophosphate are absent (oxidation 
at pH 2*i). There is, according to Pirie, an important dis- 
tinction between the activities of copper and of iron. The rate 
of oxidation of glutathione in the presence of copper is pro- 
portional to the concentrations of copper and hydrogen per- 
oxide, and independent of that of glutathione. In the case of 
iron, the concentration of hydrogen peroxic^e does not control 
the speed, whilst concentration of glutathione does. Pine's 
paper is not confined to the case of glutathione but deals also 
with the oxidation of cysteine, and with the influence of haemo- 
globin and haemocyanin derivatives on these oxidations. 

It is notorious that the estimation of glutathione by Tunni- 
cliffe's iodine titration method gives different results when starch 
is used as an indicator from those obtained by the use of 
nitroprusside. The starch method gives the higher results. 
The addition of an excess of potassium iodide (suggested by 
Perlzweig and Delrue) lessens this discrepancy, but it has now 
been shown by N. Gabrilescu (^Biochem. Joum,, 1931, 26 , 
1 190-94} that complete agreement between the two methods is 
only obtained when care is taken to neutralise the solution after 
the addition of potassium iodide. In these circumstances 
agreement is obtained between the two indicators not only with 
pure glutathione but with extracts of liver, yeast, beef muscle, 
and brain. 

The stability in aqueous solution to which reference was 
made above seems to find a parallel in the inability of pure 
cxystalline glutathione added to washed tissues to produce a 

3 
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system capable of taking up oxygen. In a series of esq^- 
ments reported by F. G. Hopkins and K, A, C. Elliott (Proc. 
Roy. Soc, B., 1931, 109 , 58-88) the behaviour of glutathione 
present in fresh liver tissue was studied during survival respira- 
tion. In the fresh tissue glutathione is exclusively in the 
reduced form, but it was found that surviving tissue gradually 
used up the substances capable of reducing glutathione, and 
eventually this substance was found to be present only in the 
oxidised form. The experiments taken as a whole strongly 
confirmed the view that the glutathione is acting — indirectly — 
as a carrier of oxygen from the air to the foodstuffs waiting to 
be burned. It was found that the oxidation of glutathione in 
the tissue proceeds normally after all enzymes have been in- 
activated by heat, but the reverse action, that of accepting 
hydrogen from some substance requiring to be oxidised, is 
brought to an end by this treatment. 

X-ray Analysis in Biochemistry. — A communication of great 
value to biochemistry has appeared from S. H. Piper, A. C. 
Chibnall, and others in the Biochemical Journal (86, 2072-94, 
1931). It arises, on the one hand, out of the work of Francis, 
Piper, and Malkin {Proc. Roy. Soc. A., 1930, 188 , 214) on the 
characterisation of synthetic fatty acids of from 14-26 carbon 
atoms by means of the X-ray analysis of their crystal forms, 
and, on the other hand, out of the Work of Chibnall on the fats 
and waxes occurring in various vegetable tissues {e.g. Channon 
and Chibnall, Biochem. Joum., 1929, 88, 168). The straight 
chain parafiuis from C^H^to CS6H74 were synthesised in a highly 
pure condition, and in addition to certain physical properties 
their crystal spacings were determined by X-ray analysis. 
The paraffins with an odd number of carbon atoms were synthe- 
sised by a reduction of the corresponding ketones after the 
method of Clemmensen (reduction with zinc amalgam in hydro- 
c^oric add, with alcohol present as a common solvent). 
Purification of the products proved difficult, but was ultimately 
achieved by a prolonged heating with concentrated sulphuric 
add. Of the even-number paraffins some were obtained from 
the corresponding primary alcohols by reduction of their 
iodides, and others by electrolysis of the corresponding fatty 
adds. The fatty adds used were in general the natural adds. 
For the details of the ketone synthesis the original should be 
consulted. The crystal structure not only of the paraffins but 
also of several of the alcohols and ketones was measured, and 
in addition the structures of several mixtures. From the 
results certain rules could be deduced for the identification of 
mixtures by the X-ray method. Unfortunately, the position is 
rendered much less simple from the point of view of the 
X-ray analyst by the fact that only a few of the paraffins have 
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unique crystal forms, most of them having two alternative 
forms, and at least one (n-hexacosane) having three. The 
work of the organic chemist is, however, aided by this same 
circumstance, for it is recorded by these authors that in addition 
to the melting-point of a paraffin it is possible also to determine 
two transition temperatures at which a change in crystalline 
form occurs, and it is their experience that the lower of these 
two temperatures is generally more affected by the presence of 
impurities than the melting-point itself. It is therefore recom- 
mended as a better criterion of purity, and the necessary 
measurements of the pure paraffins are listed. Although the 
melting-points of all the paraffins, even and odd members of 
the senes, lie on a smooth curve, these transition temperatures 
form two series, one for the even and one for the odd paraffins. 

A practical example of the value of these considerations in 
the analysis of complex mixtures derived from natural sources 
is given in a second paper by these authors on the wax con- 
stituents of the apple cuticle {Biochem. Joum,, 1931, 26 , 2095- 
21 10). Amongst the constituents of the unsaponifiable fraction 
the following were identified by comparison either direct or 
after suitable conversion, with standard substances already 
characterised : n-nonacosane, n-heptacosane, d-io-nonacosanol, 
n-hexacosanol, n-octacosanol, and n-triacontanol. The paper 
concludes with a discussion of the metabolism of paraffins in 
the plant in the light of these findings. 

Methylglyoxal . — Increasing attention has been paid during 
the last few years by biochemists to methylglyoxal (pyruvic 
aldehyde), and its relation to carbohydrate metabolism. 
Although no facts of outstanding importance have been dis- 
covered recently, there have been a number of smaller advances 
reported. E. Hoffman and C. Rehberg have put on record a 
simple method of preparing this aldehyde by a gentle oxidation 
of oximino acetone with nitrosyl sulphuric acid in aqueous 
solution. The resulting solution gives on distillation pure 
methylglyoxal in water {Biochem. Zeit., 1930, 226 , 489-91). 
The ultra-violet absorption spectrum of the substance, re- 
distilled over barium carbonate, has been measured by F. 
Fischler, H. Haus, and K. Taufel {Biochem. Zeit., 1930, 227 * 
156). Pure dextrose solution was found to have no ultra- 
violet absorption until treated with dilute alkali, when the 
absorption spectrum of methylglyoxal appeared. Ultimately, 
in confirmation of the experience of earlier workers, lactic acid 
could be isolated from the solution, together with smaller 
amounts of acetic and formic acids. 

Although this confirms the idea that methylglyoxal is fui 
intermediary product in the transformation of sugar to lactic 
add the expoience of H. Spoehr and H. H. Strain (/. Biol. 
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Ch$m., 1930, 89, 503-25) is that the action of dilute alkali on 
methylglyoxal itself results in very little, if any, lactic acid 
formation, but it is possible that this discrepancy is due to 
differences in the conditions chosen. These authors report in 
a later paper that methylglyoxal is formed in acetic acid 
solution from glyceraldehyde, and from dihydroxyacetone in 
the presence of certain amines which appear to play the part of 
catalyst. The reversibility of this change is indicated by the 
fact that K. Bernhauer and G. Gorlich (Biochem. Zeit., 1929, 
818, 452-65) observe the formation of glyceraldehyde from 
methylglyoxal when the latter is exposed in aqueous solution 
to magnesium or calcium carbonate. 

Neuberg and E. Simon have introduced a technique of 
estimation of methylglyoxal, pyruvic acid, acetaldehyde and 
lactic acid, of which the first stage is the precipitation of the 
hydrazones of the first three compounds by the use of 2"4- 
dmitrophenylhydrazine, leaving the lactic acid in solution 
ready to be estimated. Sodium carbonate solution extracts 
from the mixed hydrazones that of pyruvic acid, and finally 
94 per cent, alcohol separates the remaining two by dissolving 
the hydrazone of acetaldehyde. All three hydrazones are 
ultimately weighed {Biochem. Zeit., 1931, 288, 479-84). 

Quite a number of papers have recently been devoted to the 
production of methylglyoxal from hexosediphosphoric ester — 
generally used as the magnesium salt — under the influence of 
different tissue extracts. Thus it is reported by C. P. Sufier 
Bayo {Biochem. Zeit., 1929, 218, 489-94) that macerated yeast 
extracts achieve this conversion with a theoretical yield : 
according to £. Widmann {Biochem. Zeit., 1929, 216, 474) 
blood corpuscles prepared in a special manner give a 75 per cent, 
yield, whilst C. Fromageot {Biochem. Zeit., 1929, 216, 467) 
finds similar activity in macerates of B. coli and also in prepara- 
tions of the organisms dried with alcohol-ether and acetone. 
C. Neuberg and M. Kobel record the formation of considerable 
quantities of both methylglyoxal and of pyruvic acid from 
magpiesium hexosediphosphate in a yeast fermentation under 
the influence of a number of plasmolytic agents {Biochem. 
Zeit., 1930, 288, 225). Finally, E. Sym {Biochem. Zeit., 1931, 
888 , 251) has reported that the action of a muscle powder 
preparation (pike muscle) on the same substrate was to pro- 
duce both methylglyoxal and lactic add. The metabolism of 
musde in the presence of sodium sulj^te was the subject of an 
investigation of E. M. Case and R. P. Cook {Biochem. Joum., 
1931, 85, 1319-35). The use of sodium sulphite was first 
recommended by Neuberg to side-track any intermediates of 
an aldehydic or ketonic nature. Pyruvic add was found to 
appear in minced rabbit musde under the influence of sodium 
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sulphite, though in its absence only methylglyoxal could be 
demonstrated (the method of isolation was essentially that of 
Neuberg given above). From a considerable variety of careful 
experiments they formed the surprising conclusion that pyruvic 
acid is probably a precursor of lactic acid and is formed only 
in anaerobic conditions, although its formula suggests that it 
should be the first oxidation product of lactic acid. 

Alongside these papers on methylglyoxal there have 
appeared a group of communications of which the central 
interest is the enzyme glyoxalase, found in a wide variety of 
tissues and shown originally by Dudley to convert substituted 
glyoxals {e.g. methylglyoxal) into the corresponding a-hydroxy 
adds {e.g. lactic acid). The known distribution of this enzyme 
has been increased latterly by the report of Suffer Bayo {Biochem. 
Zeit., 1929, 218, 495-500) of its presence in the leaves of the 
lime tree {Tilia grandifolia). H. Inoue {Joum. Biochem. Tokio, 
1931, 18, 369) records that after removal of the glyoxalase from 
liver extracts by a special method outlined in his paper, these 
extracts become capable of a highly efficient conversion of 
hexosephosphate into methylglyoxal, the full conversion into 
lactic acid having been stopped half-way. In view of the 
recently discovered ability of iodoacetic acid to inhibit the 
production of lactic acid in muscles, Dudley has examined the 
effect of this drug on the glyoxalase activity of chicken breast 
muscle, using phenylglyoxal as the substrate and measuring 
by optical methods the /-mandelic acid produced. The drug 
was found to inhibit glyoxalase activity in much the same 
manner as the “ anti-glyoxalase ” of pancreatic tissue. The 
breast muscles of chickens killed by iodoacetate poisoning were 
found to have lost much of their glyoxalase activity {Biochem. 
Joum., 1931, 86, 439-45)- 

All these facts lead naturally to the conclusion that methyl- 
glyoxal should accumulate in tissues poisoned with iodo-acetic 
acid, and such has in fact been found to be the case by H. K. 
Barrenscheen, K. E. Braun, and M. Dreguss, who report that 
methylglyoxal is produced from added hexosediphosphate by 
the pulps of several different animal tissues and of yeast in the 
presence of brom- or iodoacetic acid {Biochem. Zeit., 1931, 888, 
165-80). It was formed together with pyruvic acid from 
glycogen by muscle pulp under the influence of the drug. 
P. Vogt-Moller {Biochem. Joum., 1931, 86, 418-21) has taken 
this train of thought a stage further. He found no methyl- 
glyoxal formation from added hexosephosphate by liver extracts 
taken from normal animals, whilst added methylglyoxal was 
readily converted into lactic acid. In the case of animals 
deprived of vitamin B, however, the formation of methyl- 
glyoxal could be demonstrated in experiments of the first type. 
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and its disappearance did not occur in the second : from which 
he argues that there is a failure of the methylglyoxalase system 
in Bj avitaminosis, and that the symptoms of polyneuritis may 
be due to intoxication with methylglyoxal. Vogt-Moller used 
three different methods for the estimation of methylglyoxal and 
performed his experiments both on mice and on pigeons. 

Facts which suggest a link between methylglyoxal and fat 
metabolism are recorded by M. Henze and R, MUller {Zeit. /. 
Physiol. Chem., 1930, 198 , 88-96), who have discovered that 
methylglyoxal reacts with acetoacetic acid spontaneously at 
ordinary temperatures, producing a highly reactive oxydike- 
tone, CHjCOCHOHCHiCOCHj. A number of derivatives of 
this compound are described, and some of its reactions. This 
discovery has an obvious bearing on the ketogenic-antiketogenic 
balance in cell metabolism, and its possible significance in this 
connection is discussed by the authors. 

nCTSZCAl OSfiKZBTKT. By O. H. Wansbrough-Jonss. M.A., 

Ph.D., Laboratory of Colloid Science, Cambridge. 

In Chemical Reviews of February 1932, amongst articles con- 
tributed to a symposium on the “ Kinetics of Homogeneous 
Reaction," are several which discuss unimolecular reactions. 
To quote Kassel {Chem. Rev. 1932, vol. X, p. 1 1) : " Six years ago 
the existence of unimolecular reactions constituted the out- 
standing scandal of physical chemistry. It seemed impossible 
to deny that the molecules reacting had, on the average, an 
excess energy which could be calculated from the temperature 
coefficient of reaction rate in the well-known way. Yet it 
seemed equally impossible to discover any mechanism by which 
such activated molecules could be produced as fast as they were 
destroyed by the reaction. ” A great part of the difficulty arose, 
doubtless, from there being but one certain example of a true 
unimolecular decomposition — ^that of nitrogen pentoxide. The 
situation has changed now : there are now known to be at least 
fifteen reactions that are unimolecular, certain definite 
characteristics of such reactions have been established, and the 
theoretical explanation seems competent to explain all these 
characteristics with the possible exception of certain of the 
specific effects of inert gases on the rate of reaction. 

It would certainly have been unfortunate if this, the simplest 
^pe of chemical reaction, had remained definitely obscure. 
The successive stages by which it has been elucidated are worth 
considering. The problem of the mechanism by which mole- 
cules could be activated was first attacked by suggesting that 
the molecules were activated by radiation, but : " The radiation 
hypothesis floundered in difficulties almost from the day of its 
birth, it managed to survive only by clothing its naturally 
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simple form in such a maze of complications that for a time no 
one could be quite sure what it was or what it predicted " 
(Kassel, he. cit.). It is now well known that Lindemann 
(Trans. Far. Soc., 1922, 17 , 598) showed that ordinary collision 
theory was not necessarily inadequate in furnishing a mech- 
anism of activation, providing that the existence of a time-lag 
between activation and reaction be accepted, and that a transi- 
tion from a first- to a second-order velocity constant be found 
at decreased pressures, when the time between collisions and 
the time between activation and reaction became comparable. 
On this latter foundation has been built most of the accepted 
theory ; and the stage at which the reaction reverts to second 
order has provided one of the most useful tests of the accuracy 
of any theory. 

The quantitative expression of this idea became the subject 
of numerous papers. It was at once evident that the absolute 
rate of reaction was incorrectly pven, being consistently too 
large to be accounted for by simple collisional activation ; 
but progress was made so soon as it was realised that to repre- 
sent these complex molecules as having but one squared term 
available was incorrect. It seems that particular energy states 
in which the molecule can exist must be postulated, and 
specific reaction rates for those molecules which are activated 
must be assumed, and that it is then possible to calculate 
reaction rates which will agree with the experimental results. 

Ramsperger, to whom much of the credit for these con- 
ceptions must be given, discusses {ibid., p. 27) the different ways 
in which the molecule must be considered to be activated. The 
possible modes are, briefly, that the molecule is activated 
when, as a whole, it contains energy in excess of a certain 
amount, with no other restriction as to the amount of energy 
or its place in the molecule, or secondly, that there must be 
a minimum amount of ener^ localised in some particular part 
of the molecule before reaction takes place, on which view the 
molecule is activated, when as a whole it contains enough energy, 
but is not in a state to react until a chance distribution leaves 
the energy so localised that decomposition follows, thus giving 
a picture of the time-lag which has to be assumed. Thus a 
distinction is made between “ activated ” and " reactive " 
molecules ; and, the rate at which the latter are produced 
from the former may depend on the amount of energy the 
molecule has in excess of the minimum necessary for activation. 
In particular the localisation necessary may be identified with 
one squared term, or two, as for a single vibrational degree of 
freedom, leading to similar forms of equation between which 
the experimental data seems still incompetent to discriminate. 
The problem of deciding which of the two main theories is 



40 SCIENCE PROGRESS 

correct is not always easy, and is one to which Ramsper|;er 
devotes himself in considerable detail ; but his conclusion, that 
the localised energy theory is in the better agreement with 
results, is so well supported that it now seems safe to adopt it. 

His evidence is worth considering. Firstly, the form of 
the curve showing the transition from first- to second-order 
constants is not the same for the two theories ; in particular, 
there is a very marked difference predictable when the total 
number of squared terms required in the molecule is large. 
Out of fifteen reactions which he cites as certainly unimolecular, 
all but three seem to fit a localised energy theory the better ; 
and of these the experimental data for one (propionaldehyde) 
is apparently a little uncertain, for another (dimethyltriazene) 
there is little to choose between the agreement between experi- 
ment and the two theories, while the third (nitrous oxide) is a 
case in which only two squared terms are necessary and the 
distinction between the two theories disappears. The second 
method of selection is more difficult to test, the localised energy 
theory requires a lower temperature coefficient in the region 
where the reaction is second order, but the simple theory 
demands a nearly constant one. The experimental difficulties 
of this test are obviously great. 

The effect of adding inert gases, or of allowing the products 
of the reaction to accumulate, is rather interesting. At high 
pressures, such that the rate of activation has no effect on the 
rate of reaction, no effect is to be expected, nor is any found ; 
but decreasing the pressure of reactant and adding a com- 
pensating amount of inert gas might be expected to maintain 
the first-order constant over a longer range. This effect is 
common, occurring either through the reaction products or the 
addition of inert gas, but the differences in efficiency of different 
gases are exceedingly marked ; in general, the reactant itself or 
its products are most efficient in maintaining the rate of reaction. 
For the decomposition of ethers, for example, adding the 
decomposition products was always effective, hydrogen was 
nearly as good as the ethers themselves, while helium, nitrogen, 
carbon monoxide or methane have but the slightest effect. 
Thus the efficiency of activation or deactivation at the collision 
of these molecules is to some extent a specific property of the 
molecules. There are theoretical suggestions which imply that 
such energy transfers may be highly specific (Kallmann and 
London, Z. Phys. Chem., B., 1929, 8, 207; Rice, {Phys. Rev., 
1931, 87 , 155). More recently Zener (Phys. Rev., 1931, 87 , 
556) has given a quantum mechanical treatment of the problem 
of the interchange of vibrational and translational energy, 
which treatment has been applied by O. K. Rice (he. cit. and 
Chem. Rev., 1932, 10, 125) to this particular case. It is 



PHYSICAL CHEMISTRY 


4 » 

fortunately possible to include terms in the calculation which 
may be identified with particular collisions ; and from the 
results it is shown that hydrogen would be expected to have 
a greater cflfect than other gases of greater mass. None the 
less, even in this favourable case, the transition probability 
seems to be distinctly low, suggesting that some forty collisions 
of an activated molecule with hydrogen will be necessary to 
deactivate it. Now it is definitely true that foreign gases do 
not have such a large effect in maintaining the reaction rate 
as would be predicted by assuming complete redistribution at 
every collision, and here theory and practice are at least in 
qualitative agreement. 

The question arises as to how far it is legitimate to assume 
complete redistribution of energy at every collision between 
two molecules of reactant. This assumption is inherent in the 
general theories. Kassel (loc. cit.) shows it may be limited in 
effect to deciding how often an activated molecule will lose, 
say, one-fifth of its energy on collision, and then examines the 
truth and consequences of the assumption. He concludes that, 
with the single exception of nitrogen pentoxide, there is always 
a wide margin : the rate of energy transfer may be ten, or a 
hundredfold, less than that demanded by complete redistribu- 
tion and still suffer the absolute rate to be accounted for. And 
lately Kistiakowsky and Nelles (Z. Phys. Chem., 1931, Boden- 
stein, B. 369) find that the rate of isomerisation of dimethyl 
maleate seems definitely to require a low rate of activation. 
There remains then that intractable reaction of nitrogen pent- 
oxide, the first of the unimolecular reactions to be found, 
which seems insistently irregular, and is certainly a most un- 
fortunate example to have used as a type. Kassel ‘ ‘ believes that 
existent theory does account for the rate of this reaction. This 
opinion can be maintained, however, only by the most optimistic 
arguments, and the assumption of redistribution at every 
collision is an absolute necessity.” A loss of one-fifth of the 
cneiw would be a sufficient deactivation. 

The other assumption that is considered is that of the specific 
reaction rate of an activated molecule, a fundamental chemical 
I^oblem describing the chemical mechanism of the decomposi- 
tion process. In other words, it is required to know precisely 
vffiat bonds are broken when the molecule breaks up, and it is 
clear, anyhow, that the two reactions 

ABC->B-}-AC 
and AB — ► A "f” B 

include most of the known examples, and such mechanisms are 
in agreement with the idea that a localisation of energy in 
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some particular degree of freedom is essential. There seem to 
be three main conceptions of the physical nature of the reaction 
process : the first, the classical picture, involving the activation 
of a particular de^ee of freedom ; the second, the " radioactive 
analogy," in which the reaction process is a leak through an 
energy wall ; and the third, the picture comparable to the Auger 
eflFect : " The non-radiative transition of a system h'om a state 
in the discrete region of its energy spectrum to one in the con- 
tinuum. " Of these the second turns out to be bad in conception 
and nearly useless in practice. The third inevitably describes 
such unimolecular reactions, but may be an unnecessarily com- 
plicated method of doing so, and Kassel concludes with the 
comforting remark that " it may be hoped that unimolecular 
reactions have an essentially classical mechanism.” All the 
same, it should be realised that the now familiar quantum 
mechanical treatment of activation energies gives at once the 
result that the specific reaction rate increases as the energy in 
the molecule increases above the bare activation energy 
(Eyring, Chem. Rev., 1932, 10, 112). 

Oxides of nitrogen continue to provide the most puzzling 
examples. Nitrogen pentoxide has been discussed above. 
Nitrous oxide, the simplest known molecule decomposing as 
a single molecule, has a peculiarly low specific reaction rate. 
Originally believed to give a bimolecular reaction, the decom- 
position of nitrous oxide at low pressures was shown by Volmer 
and Kummerow (Zeit. Phys. Chem., B, 1930, 0, 141) to be 
accelerated by inert gases, indicating a possible unimolecular 
type of reaction, and later Volmer and Nagasako {ibid., 1930, 
10, 414) actually found a first-order reaction velocity constant 
at pressures between one and ten atmospheres, and hence the 
second-order reaction found by Hinshelwood and Burk {Proc. 
Roy. Soc., A. 1924, 106 , 284), would lie in the range in which the 
unimolecular decomposition had reverted to second order. 
Musgrave and Hinshelwood (Proc. Roy. Soc., A. 1932, 186 , 23) 
now enquire what the low-pressure unimolecular reaction may 
be. They establish the existence of a unimolecular decomposi- 
tion at pressures between half and one atmosphere, proceeding 
simultaneously with the known second-order decomposition, 
and moreover, show that the first-order rate constant has its 
limiting value, but below about 50 mm. pressure it also falls 
away in the manner characteristic of unimolecular reaction 
when the times required for activation and reaction are com- 
parable. Thus there are two activation processes at work, 
and while these authors do not exclude the sugg;estion that the 
high-pressure reaction may really involve the direct formation 
of mmecular o^gen from two molecules of nitrous oxide at the 
moment of their collision, their evidence, that the low-pressure 
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decomposition is that of a single molecule, including as it does 
the familiar decrease in rate of reaction and giving a very 
satisfactory absolute rate, is convincing. It will be remembered 
that the unimolecular decomposition of ethers is strongly 
catal}rsed by iodine vapour (Clusius and Hinshelwood, Proc. 
Roy. Soc., A. 1930, 188 , 82), a phenomenon which may be 
explained if the iodine serves to activate specifically a part of 
the molecule, and this reaction of nitrous oxide is very possibly 
a second example of a molecule in which two different types of 
activation for the same transformation are possible. 

It is as yet too early to decide whether such processes will 
turn out to be general, but it will be surprising if this view does 
not prove to be a stimulating one. It is greatly to be hoped 
that the boundaries of our ^owledge of the internal energy 
relationships of the molecules which undergo such decom- 
positions will be widened. 

The theories of gaseous bimolecular reaction have suffered 
little change of late, and it seems legitimate to adopt a com- 
placent attitude towards them, and to accept the simple view 
that immediate activation followed by immediate reaction will 
account for the known phenomena, and hence no such modifica- 
tions as have been necessary above, that is to say, an inefficient 
energy exchange on collision and a specific reaction rate in- 
creasing as the energy in excess of the bare energy of activation is 
increased, need to be incorporated. Bimolecular rates of reaction 
in solution are accordingly being taken in hand, and their 
kinetics seem to be less intractable than were commonly 
believed. 

The results to be explained fell naturally into two classes — 
those in which the observed rate in solution was smaller by a 
factor of a million or more than the rate calculated for a similar 
hypothetical gas reaction (Norrish and Smith, J. Chem. Soc., 
1928, 188 , 129), and some, such as chlorine monoxide (Moelwyn- 
Hughes and Hinshelwood, Proc. Roy. Soc., A. 1931, 181 , 178), 
which decompose in such solvents as carbon tetrachloride at 
the same rate and with the same energy of activation as they 
do in the gas phase. Moelwyn-Hughes {Chem. Rev., 1932, 10, 
241) has reviewed the rates at which a variety of other bi- 
molecular reactions proceed in solution, and is able to list forty- 
six different reactions, in a variety of solvents, members of some 
five distinct types of organic reaction, in which the experimental 
rate does not show the enormous discrepancy from the theo- 
retical rate discovered by Norrish and Smith, and which, in 
the majority of cases, shows a very definite agreement between 
the two. He is able to conclude that at least in these cases to 
assume deactivation by the solvent molecules is unnecessary, 
the rdatively minor effects played by the viscosity of the 
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solvent, the la^e size (or the possibility of a particular orienta- 
tion at collision being essential), and the variation of the 
rate on dilution could account for the difference between the 
theoretical and the calculated rates of reaction. 

Now, the “ anomalous ” reactions in which the huge 
discrepancies are found involve the conversion of a halide and 
a nitrogen or amine base into one molecule of a ternary 
ammonium salt. Moelwyn-Hughes and Hinshelwood (/. 
Chem. Soc., 1932, 230) have examined a specimen of this type 
— ^the combination of triethylamine and ethyl iodide — in 
various solvents, and have found the slowest rates in those 
solvents such as hexane and carbon tetrachloride which are 
designated normal, that is, which allow chlorine monoxide or the 
catalytic decomposition of ozone by chlorine to proceed at the 
normal rate calculated from gas kinetic theory, and conclude 
that other solvents have a catalytic effect. In all cases the 
rate is still many powers of ten less than the theoretical rate in 
the gas phase, but upon examination of the gas reaction it turns 
out that the rate in the gas phase actually is many powers of 
ten less than the theoretical. The details show that the reaction 
measured was largely heterogeneous, but despite that, the rate 
so measured was only about five times as fast as that in hexane 
and actually slower than that in carbon tetrachloride. Thus 
the slowest rate is the normal one, and it is incorrect to ascribe 
a power of deactivation to the solvent molecules. 

A similar result was found with another reaction, the esteri- 
fication of acetic anhydride and ethyl alcohol ; again there 
was the parallelism between the very slow rates both in the 
vapour phase and in normal solvents. Whether the very slow 
rate so found be due to a “ steric ” factor, or, as seems more 
probable (loc. cit. and Moelwyn-Hughes and Rolfe, J. Chem. Soc,, 
1932, 241), to be due to the necessity of an intermediate stage 
of ionisation as a reversible primary process such as 

C.H.I^C.H,+ + I- 

(C,H.).N + C.H.+ (C.H.).N + 

(C.H,)4N+ + I-^(C.H.).NI 

it is very satisfactory to know that the low rates of these 
reactions are specific, while the applicability of a modified gas 
kinetic collision formula to find the rate of reaction in a solution 
may well be general. Another example (Traill, Phil. Mag., 
1932, 18 , 224) is the catalysed muta-rotation of beryllium 
benzoyl camphor in carbon tetrachloride and chloroform, in 
which an application of kinetic theory gives a very satisfactory 
result. The modifications which must be made in the simple 
collision formula so that it may apply to collisions between 
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solute and solvent molecules have been re-examined by 
Moelwyn-Hughes (/. Chem. Soc., 1932, 96 ), and he has found that 
the rates of many unimolecular reactions in solution can be 
accounted for by assuming that every collision between a 
solute and a solvent molecule which obeys the necessary energy 
conditions leads to reaction. 

OBOKOOT. By G. W. Tyrrell, A.R.C Sc., D.Sc., University, Glasgow. 

Volcanology. — Prof. F. von Wolff has published a further part 
of the second volume of his great treatise on volcanism {Der 
Vulkanismus, II Bd., Spezieller Teil, 2 Teil, Die alte Welt., 

I Lief., ‘‘ Der atlantische Ozean,” 1931, pp. 829-1111). This 
part deals with the volcanoes and volcanic rocks of the region 
of the Atlantic Ocean. The North Atlantic, with its great 
basalt shield or shields, including Greenland, Spitsbergen, 
Iceland, Western Scotland, and Northern Ireland, is fully dealt 
with, although Prof, von Wolff appears to have missed much 
of the recent British literature in all fields. The Central and 
South Atlantic region includes the Azores, Ascension, St. 
Helena, Madeira, Canaries, the Cape Verde Islands, and the 
Cameroons in West Africa. The Rockall and Porcupine Banks, 
which are included in this latter section, are more properly 
associated with the northern or Thulean province of Atlantic 
igneous rocks. 

The National Research Council of the National Academy of 
Sciences (U.S.), in the course of extended work on the physics 
of the earth, has published a memoir on Volcanology {Bull. Nat. 
Res. Council, No. 77, “ Physics of the Earth — I, Volcanology," 
*93i> 7 * PP')» which contains three papers by prominent 
authorities. Prof. K, Sapper’s contribution, entitled, " Vol- 
canoes, their Activity and their Causes," is practically a 
summary of his recent book, Vulkankunde (1927). He has, 
however, added a valuable rdsum^ of an important but rather 
inaccessible memoir by P. Groeber, Ensayo sobre Tectonica 
Teorica y Provincias Magmaticas. Prof. I. Friedlander’s con- 
tribution is a brief general study of The Present Condition and 
the Future of Volcanology. Prof. T. A. Jaggar’s memoir on 
The Mechanism of Volcanoes is perhaps the most vital and 
stimulating contribution of the three. The conception of 
volcanism as " a process that is at work in and under the crust 
everywhere, a thermal remnant of a primitive thermal and gas- 
evolving process which began when the earth separated from 
the sun," underlies Iris argument. 

Following up his previous work on the subject (Science 
Progr^s, July 1930, p. 24), J, E. A. Kania (“ Submarine 
Volcanic Activity in Relation to Chert Deposits and Climate," 
Pan-Atner, Ceol., vol. LIII, 1930, pp. 259-66) presents data 
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to show that submarine volcanic activity in the fonn of vents, 
lavas, and fumaroles, may yield sufficient heat to oceanic water 
to ameliorate climate within restricted areas, thus promoting 
the growth of corals in anomalous situations {e.g. Silurian of 
Arctic regions) and precipitating limestone over wide areas. 
Cherts interbeaded with such series are considered to be due in 
part to submarine thermal springs, but mainly to the solution 
of volcanic ash in heated alkaline sea water, from which 
colloidal silica is precipitated. 

In further work on gases in rocks and volcanic gases Dr. 
E. S. Shepherd has come to some important conclusions 
{Carnegie Inst., Washington, Ann. Rept. Director of Geophysical 
Institute, Year Book No. 30, 1931, pp. 78-82). The volatiles 
obtained from active vents and fresh lavas of the same vents 
are essentially identical, water forming 80-90 per cent, of the 
total gas content. While no fixed magnitudes can be estab* 
lished, there is a certain regularity in the gas contents of fresh 
lavas and of fresh intrusive rocks such as granite and diabase. 
Under standard conditions the lavas yield between 5 and 10 c.c. 
and intrusive rocks about 30 c.c. of volatiles per gramme of rock. 
Notable diminution of these amounts invites investigation as to 
whether the rock has been reheated or baked. Notably larger 
amounts suggest that alteration, which can often be micro- 
scopically demonstrated, has taken place. 

In view of the inmortance of volatile constituents in volcanic 
phenomena, R. W. Goranson’s experiments on the solubility of 
water in granitic magmas are of considerable interest (Atner. 
Joum. Sci., vol. XXII, 1931, pp. 481-502). The solubility of 
water in a glass of melted granite was found to be 3*75, 5*75, 
8-is, 8*90, and 9-35 weight per cent, at 0*5, i, 2, 3, 4 kilobars 
pressure respectively, at a temperature of 900“ C. A natural 
obsidian gave approximately the same figures. It is concluded 
that natural rhyolite glasses could not well have more than 
10 per cent, of combined water, and glasses with from 8 to 10 per 
cent, should be extremely rare. Hence it is likely that magmas 
of granitic composition carry relatively high water contents, 
and that during their intrusion bursting pressures leading to 
volcanism should be easily attained. 

Prof. H. Tanakadate {Proc. 4 ih Pacific Sci. Congr., Java, 
I929> p< 621) has made a useful attempt to classify recent 
Japanese eruptions as follows : (i) sudden explosion without 
lava, Bandaisan, 1888 ; (2) sulphur eruptions, Shiretoko, 1889 ! 
(3) crater lake eruption, Kusatsu-shirani, 1897 » U) explosive 
avalanches with ea^losive lava, Tokachidake, 1925 ; (5) swell- 
ing mountain with explosive lava, Usu-san, 1910; (6) explosive 
jets and rising plug, Tarumai, 1909 ; (7) block lava in crater 
with explosive jets, Asama, 1910-15 ; (8) ruptured mountain 
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flank with blocky outflows, Sakurajima, 1914 ; (9) fluctuating; 
crater lava and flows, Oshima, 1912 ; (10) submarine eruptions, 
Minami-iwo-shima, 1904; (ii) subterranean lava movement 
causing earthquakes, Hakone, 1917. Dr. T. A. Jaggar has 
provided a valuable summary of this paper {The Volcano Letter, 
No. 323, March 5, 1931)' 

The t5rpe of eruption in which a stiff lava rises slowly to 
form a volcanic dome or plug has lately been shown to be of 
worldwide occurrence. Hence Dr. Howel Williams’s valuable 
memoir on “ The History and Character of Volcanic Domes ” 
is specially opportune lUniv. of Cal. Publ. Bull. Dept. Geol. Set., 
21, 1932, 51-146). He discusses the morphology, rate and 
mode of growth, and internal structure of the domes, and the 
lithology and petrology of their lavas, in which glassiness is 
highly characteristic. The plug rises by the pressure of its 
contained gases, and is expelled from craters or fissures at 
relatively rapid rates (25 metres a day at Mont Pel^e and 
Tarumai), producing sometimes concentric layering, sometimes 
a fan structure, but often a viscous spread characterised by 
irregular Assuring and formation of loose blocks which mantle 
the steep slopes of the dome. Dr. T. A. Jaggar contributes a 
useful summary of this memoir to The Volcano Letter (March 

1932). 

T. Ogura describes two groups of basaltic domes, containing 
respectively 36 and 1 5 examples, in the prefectures of Hiroshima 
and Okayama, Japan {Mem. Ryojun Coll. Eng. {China), vol. HI, 
1930, pp. 95-116). In both regions the domes occur at the 
intersections of fissure systems running N.W. to S.E., and N.E. to 
S.W. Basalt lava is usually too mobile to form domes, and 
Dr. Ogura attributes the form of these Japanese examples to 
the comparatively small volumes erupted, whereby the magma 
was greatly chilled before it arrived at the orifice of eruption. 
The eruption of greatest volume has indeed taken the form of a 
flat 'topped mesa, not that of a true dome. 

We transcribe some comments by Dr. M. A. Peacock 
(Geogr. Rev., Oct. 1931, p. 699) on Prof. H. Reek's important 
paper (“ Die Masseneruption unter besonderer Wiirdigung der 
Arealeruption in ihrer s3^tematischen und genetischen Be- 
deutung fiir des islandische Basaltdeckengebirge,” Deutsche 
lakmd^orschung, 1930, pp. 24-49) which is an outstanding 
contribution to the problem of the origin of basaltic plateaux : 
*' Theoretically a mass eruption might occur at a point, at a 
une, or at a surface, giving respectively a central eruption, a 
fissure eruption, or an areal eruption. Central mass eruptions 

Iceland are represented by low, widespread lava domes, 
OMaed Schildvulkane in German, and Dyngja in Icelandic. 
The lack of a single convincing natural section through such a 
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central vent in the early Kaincaoic basalt plateau leads to the 
conclusion that central mass eruptions played no important 
part in the construction of the plateau. Mass eruptions from 
extended fissures are usually regarded as the most probable 
plateau-building mechanism ; but although recent eruptions of 
this type are Imown in Iceland, the absence of dikes passing 
into sheets in the plateau points to the absence or insigmficance 
of this mode of eruption in the early Kainozoic. There remains 
the areal mass eruption, hitherto neglected as a plateau- 
building mechanism. In opposition to the views of Daly and 
von Wolff, who regard an areal eruption as the result of an 
eruptive laccolith melting its way to the surface over a large 
area, Reck sees the action of typical areal eruptions in groups of 
irregularly arranged, nearly synchronously active craters con- 
nected with a common underlying magma body. Such crater 
groups are numerous in Iceland and in other volcanic countries. 
A plateau built by this action would show almost no trace of the 
mechanism, and thus amongst the most characteristic signs of 
the action of areal mass eruptions in basalt plateaux would be 
the very absence of evidence of the manner in winch the lavas 
were erupted." 

Prof. J. W. Gregory has also questioned the fissure-eruption 
mode of origin of basalt plateaux {Earthquakes and Volcanoes, 

" Benn’s Sixpenny Library, " No. 97, 1929, pp. 34-7) on three 
grounds : that the lava has not been discharged directly from 
fissures, but from rows of small volcanic cones situated upon 
fissures ; that the supposed feeder-dikes often pass through the 
flows, and cannot therefore have been the channels of supply ; 
and that abundant tuff and ash deposits, which must have been 
ejected from central vents, are often interbedded with the 
flows. The present writer has replied to these points in his 
own book on Volcanoes (" Home University Library," No. 152, 
* 93 *> PP- *96-8). The cones and craters built upon the 
fissures represent the expiring phases of emission when, owing 
to the slackening of the eruptive impulse, the fissure becomes 
choked except at a few isolated points. The same fissure may 
feed many flows, as shown in Hawaii ; consequently, the feeder- 
dikes should pass through the earlier flows and connect up only 
with the final flow. The chances are enormously against these 
sporadic connections of dike and sheet being exposed by erosion ; 
nevertheless, examples have been described by Fuller and Lee 
in Western America. There is nothing in the fissure-eruption 
mechanism to prevent extensive ash beds being formed, but in 
all known cases the explosive products arc of insignificant 
quantity as compared with the effusive products of the 
eruptions. 

Dr. H. T. Stearns and W. 0 . Qark have produced an ex- 
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cellent account of the geology (and water resources) of the Kau 
District of Hawaii (Water-Supply Paper No. 616, 17 . S. Geol. 
Surv., 1930, 194 pp.), the region which contains the active shield 
volcanoes of Mauna Loa and Kilauea. There is hardly a single 
aspect of volcanism which is not illuminated in this memoir. 
The geo^aphical features of the area are first described, then 
the stratigraphical geology of the entirely igneous formations. 
There follows a succinct account of the flows from Mauna Loa 
and Kilauea in historical times, and of the spectacular faulting 
which has occurred. The great summit craters are regarded as 
due, not to completely circular faults, but to the coalescence and 
intersection of elongated arcs of faulting. Volcanic products, 
types of cones, pit craters, volcanic processes, volcanic explo- 
sions, and petrology, are the remaining topics. Perhaps the 
most satisfying feature of this memoir is the complete demon- 
stration, not only of the reality of fissure eruptions, but of their 
ability to build up great basalt plateaux, which has recently 
been challenged as shown above. Not only that, but Dr. 
Stearns has demonstrated the fact that by far the greater part 
of the huge shield volcanoes of Hawaii have been built up by 
fissure eruptions, even the great pit-craters on their summits 
being only secondary and adventitious features, not, as in true 
central volcanoes, the main foci of eruption and orifices of 
magmatic emission. 

Two other Hawaiian volcanic domes are described by N. E, 
A. Hinds (“ The Geology of Kauai and Niihau,” Bern. P. Bishop 
Mus., Honolulu, Bull. 71, 1930, pp. 1-103). Their characters 
completely confirm the views of Dr. Stearns as to the origin of 
these immense structures, and as to the importance of fissure 
eruption in their construction. Great numbers of dikes cut a 
lower series of flows in Kauai, and are regarded as the feeders of 
a second series of lavas. Dr. Hinds states that in a number of 
places the dikes are clearly flow feeders. 

The geology, volcanology, and petrology of other groups of 
Pacific Islands are dealt with in the following memoirs : L. J. 
Chubb, " Geology of the Marquesas Islands,” Bern. P. Bishop 
Mus., Honolulu, Bull. 68, 1930, pp. 1-71 ; P. Marshall, ” Geology 
of Rarotonga and Atiu,” ibid.. Bull. 72, 1930, pp. 1-75. 

In an important paper on ” The Aqueous Chilling of Basaltic 
Lava on the Columbia River Plateau,” Dr. R. E. Fuller (Anier. 
Joum. Set., vol. XXI, 1931, pp, 281-300) shows, by excellent 
field examples, that a fluid lava entering a local body of water 
would tend to granulate like molten slag, forming a fine bedded 
breccia which, with continued slow motion of the flow, would 
gradually advance like the fore-set bedding of a delta. Coarser 
elongated masses of ropy or ellipsoidal shapes would tend to 
take up the same inclination as the breccia. He also describes 

4 
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beautiful examines of pillow-lavas which have resulted from the 
gradual advance of relatively viscous basalts into small bodies 
of water. Massive breccias occur which are held to be due to 
the advance of thick bodies of lava into deep water. 

Dr. Fuller has also described certain tensional surface 
features in the ellipsoidal basalt lavas of the Colombia River 
ptlateau {Joum. Geol., vol. XL, 1932, pp. 164-70). These con- 
sist of regular angular corrugations on the surfaces of " pillows ” 
between the walls of tension cracks, a surface aptly compared 
to that of a washing board. These features are believed to have 
been caused by the distension of a thin glassy crust due to the 
swelling of the “ pillow ” as it was rapidly exposed under water. 

Prof. J. A. Bartrum describes occurrences of pillow lavas in 
New Zealand which contain thick, radiate-columnar, ovoid 
lava-masses, sometimes 80 feet in length. These are regarded 
as essentially giant “ pillows.” Some adjacent dikes pass 
upwards into large spheroidal masses indistinguishable from the 
“ pillows ” of normal pillow-lavas {Joum. CeoL, vol. XXXVIII, 
*930. PP- 447-55^ 

H. C. Cooke, W. F. James, and J. B. Mawdsley (” Geology and 
Ore Deposits of Rouyn-Harricanaw Region, Quebec,” G«o/. 
Surv. Canada, Mem. 166, 1931 (314 pp.), pp. 40-51) describe 
remarkable structures in the Keewatin lavas of Quebec, some 
of which it is possible to utilise to determine whether or not these 
greatly disturbed rocks are ” right-way-up.” Many of the 
flows are pillow lavas, with an upper thick zone of ” pillows,” 
followed beneath either by rudimentary '* pillows ” or by ex- 
tremely fine-grained rock in which the grain size gradually 
increases towards the base of the flow, attaining its maximum 
a few inches above the actual base. These criteria of upper and 
lower siufaces of pillow lavas have been successfully used in 
determining the attitude of the rocks in folded areas. The 
authors also describe ropy and brecciated structures in these 
extremely ancient lavas, and state that pillow structure, al- 
though most common in basalt, frequently appears in trachyte, 
dacite, and even in the rhyolite of the Keewatin Series. 

By the study of some Lower Carboniferous lavas in Ren- 
frewshire, Kainozoic lavas of Skye, and a recent lava from Etna, 
Dr. W. Q. Kennedy {Geol. Mag., vol. LXVIII, 1931, pp. 166-81) 
has been able to show that the composite character may occur 
in effusive as well as in intrusive rocks. The Renfrewshire 
examples are mugearitic basalts at the bases, and Markle 
basalts in the upper parts of the flows ; the Skye examples, 
similwly, are mugearitw and porphyritic basalts. Dr. Kennedy 
explains their composite character by^ assuming that the lava 
clmnged in composition during extrusion. Sometimes the later 
porphyritic basalt overrode the non-porphyritic lower memb^, 
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and extended beyond its boundaries ; the reverse case is also 
known. While bilateral symmetry is characteristic of com- 
posite intrusive bodies, asymmetry seems to be a good criterion 
of composite lavas. 

Dr. W. J. McCallien {Geol. Mag., vol. LXX, 1932, pp. 135-7) 
notes the possible occurrence of a composite lava of Calciferous 
Sandstone age in Kintyre. Both members are basalts, and are 
distinguishable only by the parallelism of feldspars in one, and 
by the fact that an infilled vesicle appears to have been cut and 
sheared olf by the second lava. 

Descriptions of recent activity in Mediterranean volcanoes 
are given in the following papers : I. Friedlander, " Der 
Tatigkeit des Vesuv in der zweiten Halfte des Jahres 1928,” 
Zeitschr. f. Vulk., vol. XII, 1929, pp. 47-51 ; A. Rittmann, 
“ Der Vesuvausbruch im Juni," 1929, ibid., pp. 305-22 ; 
" Der Tatigkeit des Vesuv im Jahre 1930,” ibid., vol. XIII, 
1931, pp. 249-51 ; A. Heim, “ Der Stromboli Mitte Mai 
1872,” ibid., vol. XIV, 1931, pp. 1-12 ; H. Reck, “ Der 
Stromboli im Oktober 1925,” ibid., pp. 13-21 ; K. Sapper, 
“ Der Stromboli im September 1929,” ibid, pp. 22-37 > F. 
Bernauer, " Zur Kenntnis der periodischen Ausbriiche des 
Stromboli im April 1930,” ibid., pp. 38-46 ; A. Rittmann, 
" Der Ausbruch des Stromboli am 11 Sept. 1930,” ibid., pp. 
47-77 ; E. Lengyel, " Der Etnaausbruch im Jahre 1928 und 
sein Gestein,” Act. Lit. Sci. Reg. Univ. Hungar. Francisco- 
Josephinae. Act. Ghent. Min. et Phys., Tom. 1, fasc. 2, Szeged, 
1929, pp. 128-47 ; H. Philipp, “ Beobachtungen fiber die letzte 
Aetna-eruption und die augcnblickliche Phase des Vesuv und 
des Insel Vulkano,” Forsch. u. Fortschr. Berlin, Feb. 1929, 2 pp. 
reprint ; I. Friedlander, “ Der Aetna-Ausbruch 1928,” Zeitschr. 
/. Vulk, vol. XII, 1929, pp. 33-46 ; C. Haeni, “ Verandcrungen 
am Etna seit dem Ausbruch von 1928 bis Ende 1930,” ibid., 
vol. XIII, 1931, pp. 245-9. Inrcgardto Etna, Prof. Friedlander 
shows that the eruption of November 1928 marked the return 
of the lava to the E. to W. system of fissures. The last out- 
break in this fissure zone occurred in 1865. The six main 
eruptions which took place between 1865 and 1928 all broke 
out from the N. to S. system of fissures. 

Prof. H. Reck describes the so-called “ Nautilus ” eruption 
at Santorin as a dome-like uplift of the surface of the 1925 lava 
by a still rising subjacent magma {Zeitschr. /. Vulk., vol. XIII, 
* 930 > pp. 25-50). It was not built of newly erupted material. 
The tjrpe is designated by Reck as epigenetic — a parasitic cone 
of volcanotectonic origin rising within the periphery of a main 
volcano subsequent to its extinction. 

In two papers Dr. N. L. Bowen presents the prelimin^ 
results of his visit to Central African volcanoes of the Mufumbira 
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(Virunga) region (“ Central African Volcanoes in 1929," Trans. 
Amer. Geophys. Union, loih and nth Annual Meetings, 1929 
and 1930, pp. 301-7 ; “ Volcanoes of the African Rift Zone,” 
Cam. Inst., Washington, Ann. Rept. Director of Geophys. Lab., 
Year Book No. 29 {1929-30), 1930, pp, 73-6). Two of the 
eight great cones in this region were active, and one of them, 
Namlagira, exhibited a huge circular summit caldera, with an 
interior terrace, lava pits, fountains, “ islands,” and sink-holes, 
of Kilauean character. The Mufumbira volcanoes are definitely 
associated with a series of cross faults that intersect the main 
Rift Valley faults. 

A total of thirteen volcanic cones were noted by Dr. W. A. 
Macfadyen amongst the Zebayir Islands in the Red Sea {Geol. 
Mag., vol. LXIX, 1932, pp. 63-7). Most of them were loose 
cinder cones which were formed in post -raised beach times. 
The erupted rocks are basalts poor in olivine, although one 
rock seems to be so rich in olivine as to merit the term oceanite. 

The geology and volcanism of the Krakatau Group have been 
investigated by C. E. Stehn (Java, 1929, 55 pp. ; see H. Reck, 
Zeitschr.f. Vtilk., vol. XII, 1930, pp. 335-7), who distinguishes 
four periods in the history of this volcano, including the colossal 
explosion of 1883. 1*^ *9^8 numerous steam explosions took 

place under water in the old sea-flooded crater (H. Reck, 
” Cbersicht fiber die TStigkeit des Krakatau im Jahre 1928,” 
Zeitschr. /. Vulk., vol. XII, 1929, pp. 52-5 ; *' Ein RUckblick 
auf den Ausbruch des Krakatau von 1928-1930,” ibid., vol. 
XIV, 1931, pp. 118-34). Krakatau seems to have erupted a 
very acid andesite or dacite (65-70 per cent, silica) in alternation 
with a basaltic type of lava (50-53 per cent, silica). 

In his paper entitled, ” Mt. Katmai and Mt. Mageik,” Dr. 
C. N. Fenner {Zeitschr. f. Vulk., vol. XIII, 1930, pp. 1-24) 
describes his interesting pioneer visits to the crater floors of 
these volcanoes. Great steam jets, explosive mud geysers, and 
much fumarole activity were found. Dr. Fenner also shows 
that the attitudes of the strata that build the Alaska Peninsula 
are essentially horizontal, and consequently the theory that it 
represents an arc or festoon formed as a fold or wrinkle in front 
of an advancing segment of the earth's crust appears to be 
untenable. 

Dr. M. A. Peacock describes the great Modoc lava field of 
North California, the natural features of which are so striking 
that a portion of the region has been set aside as a national 
monument {Geogr. Rev., vol. XXI, 1931, pp. 259-75). In this 
field there are hundreds of square miles of jagged and corded 
lava, scores of perfectly preserved cinder cones, and barren 
mountains of volcanic glass representing effusive domes of 
impressive dimensions. 
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Evidence of recent volcanism in British Columbia is supplied 
by N. F. G. Davis in a description of the Qearwater Lake area 
{Geol. Surv. Canada, Summ. Rept., igsg, Pt. A, 1930, pp. 
274-96). Flows of block lava (basalt) with red scoriaceous 
surfaces occur on Ray Mt. Other flows have typical ropy 
structures, including the most recent flow which is strikingly 
fresh. These rocks are unglaciated, and as yet support no 
grass, only a few small birch and poplar trees. They are to be 
correlated with the recent volcanics of the Cascade Range of the 
United States. 

The following are important papers on Central American 
and Mexican volcanoes : K. Sapper and F. Termer, " Der 
Ausbruch dcs Vulkans Santa Maria in Guatemala vom 2-4 Nov. 
1929,” Zeitschr. /. Vulk., vol. XIII, 1930, pp. 73-101 ; I. Fried- 
lander, “ Uber die mexikanisrhen Vulkane Pico de Orizaba, 
Cerro de Tequila, und Colima,” ibid., pp. 154-64. 

The geograpliical description of the South Sandwich Islands, 
by Dr. S. Kemp and A. L. Nelson (” Discovery ” Reports, 
vol. Ill, 1931, pp. 133-98), contains numerous volcanological 
observations on these little-known islands of the South Atlantic 
Ocean. Five of the eleven islands exhibited definite volcanic 
activity with the emission of smoke and fumes. Three showed 
no signs of activity, but evidences of warmth in the presence of 
patches of snow-free ground. A magnificent series of illustra- 
tions shows cones and craters in all stages of dissection, and a 
submerged crater was discovered by soundings between Cook 
Island and Thule Island. 

In his paper on ” The Western Andes and their Relation to 
the Tertiary Coast Belt, Ecuador,” Dr. G. Sheppard {Geol. Mag., 
vol. LXVIII, 1931, pp. 481-94) gives reasons to think that 
primary structural features, such as block-faulting and over- 
thrusting in the sedimentary rocks, may have been caused by a 
foundering of the strata upon the irregular cooling surfaces of 
injected igneous rocks. He also finds that in many places the 
smface of an igneous injection is covered by a zone of breccia 
consisting of fragments of sedimentary rocks. He suggests that 
the shattering of the sedimentary cover was caused by settling 
consequent upon cooling contraction of the igneous body, and 
describes the breccia thus formed as ” founder- breccia.” 

In the Old Granites of South Africa dolerite intrusions of the 
Karroo episode are overwhelmingly dike-like in form, but rare 
cases are known of more or less horizontal sheets, of which 
examples are described by Dr. L. J. Krige {Trans. Geol. Soc., 
S. Africa, vol. XXXII, 1930, pp. 57-60). The main sheet is 
traceable over an area 30 miles long by 10 miles wide. Dr. 
Krige explains the horizontal injection into unbedded granite 
as due to the development of horizontal planes of weakness 
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consequent upon tangential pressure arising from heat expan- 
sion of the granitic crust. 

In the memoir, by J. E. Richey and H. H. Thomas, on “ The 
Geology of Ardnamurchan, North-west Mull, and Coll ” {Mem. 
Geol. S«n>. Scotland, 1930, 393 pp,), the last of the five main 
Tertiary volcanic regions of the West of Scotland has now been 
exhaustively dealt with. These great ancient volcanoes must 
now be the most closely described of any in the world. They 
are remarkable for their ring structures, of which those of 
Ardnamurchan are certainly not the least perfect. The phe- 
nomena of the intrusion of ring-dikes and cone-sheets arc well 
displayed in three centres which were in successive operation. 
Around the earliest centre in the eastern part of the district 
are arranged volcanic vents, major intrusions, and cone-sheets, 
all more or less elongated in concentric arcs. The igneous 
activity then shifted to a second centre situated on the west, 
around which doming of the adjacent sediments occurred, and 
two intrusions of cone-sheets were separated by a period of 
ring-dike formation. Finally, the igneous activity migrated 
to a focus situated midway between the two earlier centres, 
around which ring-dikes were injected with almost perfect 
concentricity. Cone-sheet intrusion also took place, but only 
on the south side of the focus. 

• In a recent memoir J. E. Richey (“ Tertiary Ring Structures 
in Britain,” Trans. Geol. Soc. Glasgow, vol. XIX, Pt, i, 1932, 
pp. 42-140) has given a masterly summary of the general 
characteristics of ring-structures. He describes the ring- 
structures of Ardnamurchan, Mull, Skye, Rum, St. Kilda, and 
Airan, in Scotland ; and three examples, Slieve Gullion, 
Carlingford, and Mourne Mts., in Ireland. The descriptive part 
is followed by a general discussion of ring-dike and cone-sheet 
complexes, the possible upward and downward extensions of 
these intrusive bodies, the magmas reservoirs whence they were 
derived and their possible depths, the mode of origin of ring 
structures, uplift due to cone-sheet intrusion, central sub- 
sidence in relation to ring-dike intrusion, magmatic pressure in 
relation to ring structures and radial fissures, the composition 
of the regional magma, and the order, basic to acid, of its in- 
trusion. From this brief summary it can be seen that this 
memoir constitutes one of the most important contributions to 
igneous geology of recent years. 

Ring structures are now beginning to be recognised in other 
parts of the world. An almost perfect example of a ring-dike, 
eight miles in diameter, and consisting of nordmarkite, is 
reported by L. Kingsley from the Ossipee Mts. of New Hamp- 
shire {Amer. Joum. Set., vol. XXll, 1931, pp. 139-68). It 
surrounds a subsided cylindrical mass of basalt, andesite, and 
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quartz-porphyry lavas, and has welled up along the peripheral 
circular fault. A granite was subsequently injected into the 
central part of the structure. 

lOO&OOT. By F. W. Rogers Brambeix, Pb.D.. D.Sc.. Professor of 
Zoology, University College of N. Wales, Bangor. 

It has been known for many years that the body fluids of marine 
invertebrates and the blood of elasmobranchs are approximately 
isotonic with sea-water, whereas the osmotic pressure of the 
blood of marine teleosts is considerably lower. This is the 
result, in the case of the invertebrates, of the concentration of 
soluble salts in the body fluids being approximately equal to 
that of the surrounding sea-water. In the elasmobranchs the 
isotonic condition of the blood is largely due to the high con- 
centration of urea, although soluble salts also play a part. Thus 
the blood and surrounding sea-water are in osmotic equilibrium, 
but, unlike the invertebrates, the concentrations of individual 
solutes in each are different. It has been shown recently by 
Margaria {Proc. Roy. Soc., B. 107 , 1931) and by Hukuda (see 
Margaria) that when a typical marine invertebrate, or an 
elasmobranch, is transferred to a diluted medium an equalisation 
of osmotic pressure between the body fluids and the external 
medium takes place. It is of considerable interest to determine 
how the equilibrium is maintained in the two cases. Hukuda 
{Jour. Expt. Biol., 9 , 1932) describes an investigation of this 
problem in a recent paper. Obviously the equilibrium must be 
maintained either by the passage of water through the bounding 
membrane of the animal or by change in the amount of salts 
or other dissolved substances in the internal medium. If the 
former is the method, then the animal when placed in a hypo- 
tonic medium should increase in weight owing to the entrance of 
water into the animal. If the latter is the mechanism of 
equilibration the weight of the animal should remain constant 
after transference to a dilute medium. Hukuda found that the 
weights of several species of crustaceans increased slightly in a 
dilute medium consisting of sea-water, but not sufficiently to 
account for the equalisation of osmotic pressure. Therefore 
the equ£disation must occur mainly by the disappearance of 
salts from the body-fluids, probably by diffusion through the 
bounding membrane. Thus the bounding membrane of marine 
crustaceans is permeable to water and also to salts. The slight 
osmotic swelling observed suggests that the permeability to 
salts is not quite perfect. Similar experiments were performed 
on dog fish by keeping them in f and sea-water. The increase 
m weight observed agreed closely with the calculated values of 
the mount of water necessary to dilute the blood to the 
tequbite extent to re-establish the osmotic equilibrium with 
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the external medium. It would appear, therefore, that the 
equilibrium in elasmobranchs is maintained by the diffusion of 
water and not of solutes through the bounding membrane, and 
that this membrane is semi-permeable in consequence. 

It has been known for a long time that the blood of the 
hag-fish, Polystotrema, is also approximately isotonic with sea- 
water, whereas it is probable that in the marine lampreys this 
is not the case. Bond, Cary, and Hutchinson {Jour, Expt, Biol., 
®» *932) have investigated this problem in Polystotrema, and 
have found that the chloride content of the blood, in specimens 
kept in sea-water of varying salinity from 2*5 to 4*0 per cent., 
varies in a linear manner with that of the external medium. 
They conclude that the greater part of the osmotic pressure of 
the blood is due to the chlorides. Moreover, they failed to 
detect any swelling in the hypotonic media. It is clear that the 
blood of Polystotrema is comparable to the body fluids of marine 
invertebrates, and that the gills or some other part of the body- 
wall are permeable to both water and salts. It has been sug- 
gested that marine tclcosts have inherited from fresh-water 
ancestors the power of maintaining the osmotic pressure of their 
blood at a constant value considerably lower than that of the 
external medium. Thus the condition of the blood of Polysto- 
trema, isotonic with the surrounding sea-water, is interpreted as 
indicating that the hag-fish have had no fresh-water ancestors. 

The osmotic properties of Medusae have been investigated by 
Bateman {Jour. Expt. Biol., 9 # 1932), who finds that they show 
no osmotic regulation independently of the surrounding medium. 
It is also shown that the total water in the jelly is osmotically 
free, and it follows that nearly all the electrolyte present is also 
uncombined. The statement that has found its way into the 
literature, that Medusae contain 99’8 per cent, water, is shown to 
be incorrect. 

The physiological significance of the urea in the blood of 
elasmobranchs has been investigated from a different angle by 
Simpson and Ogden {Jour. Expt. Biol,, 9 , 1 932). It is well known 
that carbon dioxide and urea, as the end products of metabolism, 
are present in the blood of all vertebrates, and that they are 
maintained at a remarkably consistent level of concentration. 
It is also well known that the concentration of carbon dioxide 
in the blood regulates respiration by stimulating the respiratory 
centres. Simpson and Ogden have attempted to explore the 
problem of whether the concentration of urea may not also have 
some definite physiological significance. Owing to the unusually 
high blood-urea level, and the statement of Mines that the 
heart will only beat in a medium rich in urea, elasmobranchs 
were chosen as suitable material. The concentration of urea 
in the blood in relation to the optimum conditions for beating 
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of the heart of the dog-fish were investigated. It was found 
that diminution of the urea content of the surrounding medium 
was followed by decrease in amplitude of the beats of the 
excised auricle. Recovery from this decrease could be produced 
by restoring the concentration of urea. The beating of the 
auricle was not maintained when the urea of the surrounding 
medium was replaced by sucrose, thio-urea or sodium sulphate 
in iso-osmotic concentrations. The failure of these three widely 
different substitutes to maintain the beat strongly suggests that 
urea is necessary for some other reason than its purely osmotic 
effect. 

The development and function of the heart and pericardium 
in the Echinodermata is the subject of a paper by Narasim- 
hamurti {Proc. Roy. Soc., B. 100 , 1932). The pericardial vesicle 
is shown to arise from the posterior part of the right anterior 
coelom as a solid bud, which becomes hollowed out and extends 
dorsally. The heart is formed in late plutci by the invagina- 
tion of the floor of the vesicle. The spongy tissue under- 
neath invades the invaginated floor of the vesicle in late 
brachiolariae. In the adult star-fish and sea-urchin the vesicle 
is in the form of a closed sac on the dorsal side directly under the 
madreporite. It is maintained that the pericardial vesicle of 
Echinoderms corresponds in origin and structure to the peri- 
cardial sac of BaUxnoglossus. The invaginated floor of the 
vesicle, with the inpushed spongy tissues, in Echinoderms is 
compared with the heart of Balanoglossus. It is claimed that 
this homology constitutes one of the strongest proofs of the 
affinity of the Echinodermata with the Enteropneusta. The 
fluid contained in the heart of the Echinoderm larva is shown to 
be blastocoelic fluid, which is rich in nutritive substances exuded 
into it by the stomach cells. This fluid is pumped forward by 
pulsations in the floor of the vesicle. The rate of pulsation of 
the heart of Echinus miliaris is about four times that of Aslerias 
rubens. It was’ found that MgCl, in low concentrations de- 
creased the number of beats per minute, but that the rate of 
beat returned to normal after its removal. Solutions of KCl 
had an exactly opposite effect. 

Since Eggleton and Eggleton demonstrated in 1927 the 
presence of labile phosphorus in muscular tissue, our knowledge 
of its great importance in muscular contraction has grown 
rapidly. It is now known to be present in vetebrate muscle in 
the form of creatine phosphate. Eggleton and Eggleton {Jour. 
Physiol., 66, 1928), however, failed to find creatine phosphate in 
a number of invertebrates examined. In the same year 
Meyerhof and Lohmann {Biochem. Z., 198 , 1928) discovered 
that phosphagen is present in crustacean muscle in the form of 
argimne phosphate. Subsequently Meyerhof (Archi. Sci. biol. 
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Napoli., 1 S> 1928) found arginine phosphate to be present in a 
number of other invertebrates. Tms led to the assumption that 
creatine phosphate is characteristicof vertebrate muscle, and that 
arginine phosphate is as characteristic of vertebrate muscular 
tissue. Meyerhof later {Die Chemische Vorgdnge in Musbel, 
Berlin, 1930) expressed the view that the development of the 
creatine phosphate in vertebrates from the arginine phosphate 
of invertebrates should be regarded as a chemical mutation. 
Needham and others, in a recent paper {Proc. Roy. Soc., B. 110, 
*932), describe the results of a systematic survey of the phos- 
phagens of Invertebrates . They found arginine phosphate in all 
the Phyla examined. Among the Coelenterata it was found in 
the Centophore Pleurobrachia, but was not found in Anthea, the 
only Actinoxoan examined. The evidence suggests that ar- 
ginine phosphate may be associated with ciliary, as well as 
muscular, movement. Creatine phosphate was found in the 
Jaw muscle of Strongylocentrotus among the Echinodermata, and 
in Balanoglossus among the Enteropneusta, but was absent 
from the Urochodata {Ascidia). It was known from previous 
work that creatine phosphate alone is present in Amphioxus 
and many species of vertebrates. Thus, so far as phosphagens 
are concerned, Amphioxus resembles the vertebrates and Ascidia 
resembles the invertebrates, while Balanoglossus and one 
Echinoderm possess both creatine and arginine phosphate. It 
is suggested that these biochemical results support the theory 
of the phylogenetic affinities of the Echinodermata, Enterop- 
neusta, and Vertebrata. 

The permeability to water and certain other properties of 
the surface of the egg of Psammechinus miliaris immediately 
prior to and after fertilisation until the first cleavage have been 
mvestigated by Hobson {Jour. Expt. Biol., 9 . 1932). Volume 
changes in the eggs, following osmotic changes in the surround- 
ing medium, were recorded by a photographic method, which is 
described. The rate of entrance of water into the eggs from 
hypotonic sea-water was found to increase immediately after 
fertilisation, reaching a first maximum after about 3 minutes. It 
then falls to a relatively low value at about 5 minutes, and sub- 
sequently increases steadily to a second maximum, which is 
attained about 3 5 minutes after fertilisation. It remained steady 
at this second maximiun until shortly before cleavage, when it 
fell sharply in the only experiment continued so far. 

Several different types of piasmolysis occur in hypertonic 
solutions, and are characteristic of the stage of development 
which the egg has attained. The t3rpe of piasmolysis is said to 
be determined principally by the ph;^ical prop^ies of the ^pg 
surface. Investigation of the rate of cytol3rsis in tap-water 
indicated that a susceptible period is followed by a period of 
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resistance during the first 5 to 10 minutes after fertilisation. 
It is probable that the degree to which the cell surface will 
withstand stretching, as well as the rate of entrance of the water, 
is a significant factor conditioning the rate of c3rtolysis. The 
rate of cytolysis in extremely hypertonic solutions of sea-water 
increases to a maximum at 5 to 10 minutes after fertilisation 
and then decreases. It is concluded that the relation between 
the rate of cytolysis and permeability is uncertain. 

In another paper {ibid., 1932) Hobson describes an investiga- 
tion of the vitelline membrane of the eggs of Psantmechinus 
miliaris and Teredo norvegica. It is generally believed that 
such a membrane is present on the surface of the unfertilised 
egg, and that at fertilisation it is elevated from the surface and 
gives rise to the fertilisation membrane. Hobson finds that 
microscopic examination of the unfertilised eggs of both these 
forms reveals only the presence of a thin zone, free from gran- 
ules, over the surface, but does not show whether or not it is 
continuous with the underlying cytoplasm. A definite mem- 
brane cannot be separated by means of a micro-dissection needle 
in either species. Plasmolysis of the egg of Psantmechinus 
results first in the egg shrinking smoothly, and later becoming 
wrinkled, while cytolysis in tap-water merely results in the egg 
swelling but remaining smooth and spherical. These facts 
point to the existence of an elastic solid surface layer. Plas- 
molysis of the egg of Teredo results in the separation of a clear 
membrane, while cytolysis, which is followed by bursting and 
dispersion of the cytoplasm, leaves a crumpled membrane. It 
is concluded that the unfertilised egg in both species is sur- 
rounded by an elastic vitelline membrane, firmly attached to the 
egg surface, which is much thicker in Teredo than in Psam~ 
mechinus. It is suggested that in the induction of artificial 
parthenogenesis one effect of hypertonic solutions may be a 
loosening of the attachment of the vitelline membrane to the 
egg surface. 

Chambers and Fell {Proc. Roy. Soc., B. 109 , 1931) describe an 
extensive series of micro-operations on cells in tissue cultures. 
The technical difficulties of the application of micro-dissection 
methods to tissue cultures are very great, but were overcome, 
largely by the use of a special dark-ground illumination appara- 
tus, which is described. A variety of cells, including fibroblasts, 
intestinal and pigmented retinal epithelial cells, macrophages, 
skeletal myoblasts, and cells in mitosis, were operated upon. 
The results of cytoplasmic and nuclear puncture, tearing of the 
surface membrane, prodding, etc., are described in detail. The 
cell membrane was found to be stiffer than the cytoplasm, and 
the elasticity exhibited by the cells seemed to be primarily due 
to it. Puncturing of the cytoplasm, pushing about cytoplasmic 
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granules, and cutting mitochondria into two did not seriously 
affect the cells, but a quick tear of the cell membrane resulted in 
degeneration. The oval nuclei could be deformed by prodding. 
They had a definite membrane and a fluid interior, containing 
no visible structures except one or two nucleoli. The nucleoli 
could be cut in two, but nuclear degeneration quickly followed 
puncture of the nuclear membrane. Nuclear degeneration re- 
sulted in degenerative changes in the surrounding cytoplasm, 
and of the whole cell when only one nucleus was present in it. 
Puncture of one nucleus in binucleate cells resulted in de- 
generation of that nucleus and of the neighbouring cytoplasm, 
but was frequently limited to the vicinity of the injured nucleus, 
the cell returning to the normal mono-nucleate condition except 
for the crumpled remnant of the second nucleus in the cytoplasm. 
The symptoms of cellular degeneration following injury are 
described. The long multinucleated skeletal myoblasts derived 
from the limb of a six-day chick were made to twitch repeatedly, 
with a refractory period between each twitch, by pricking with 
a needle. Fibroblasts in mitosis were found to be very sus- 
ceptible to injury. All cells, possibly excepting macrophages, 
were found to be attached to their neighbours at some points. 
When a cell is injured it shrinks away from its neighbours, but 
the effect of the injury is not transmitted to them. Such a 
transmission of injury was only observed from one daughter 
cell to the other during the penod following mitosis, while the 
two were still connected by a protoplasmic bridge. Macro- 
phages were found to be attracted from a distance to a cell 
which had degenerated through mechanical injury. 

During the last few years an increasing amount of research 
has been carried out on the effects of various kinds of radiations 
on living cells. Spear {Proc. Roy. Soc., B. 106 , 1930), studying 
the effects of gamma radiation from radium on tissue cultures, 
found that the first effect exhibited is a temporary cessation of 
growth and mitotic activity, followed later by the reappearance 
of mitosis, which may persist for some time. Finally, growth 
again ceases, cellular degeneration follows, and results, if the 
dose was lethal, in death. Thus it is not the initial inhibition 
of mitosis but the delayed effect which is fatal. A similar effect 
in chick embryos exposed to a single dose of X-rays is described 
by Butler {Jour. Expt. Biol., 9 , 1932). The tissue examined was 
the neural tube, which consists of two types of cells. The 
germinal cells are conspicuously active in mitosis, and are 
restricted to the innermost layer of the neural tube. The 
mantle layer forming the main mass of the neural wall is 
composed of cells with nuclei in the resting state. Radiation 
with a non-lethal dose of X-rays resulted in an initial period in 
which mitosis ceased in the germinal cells, followed by a period 
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of recovery in which mitotic activity restarted. A final period, 
marked by degeneration among the cells in the resting state, 
ensued, and was by far the most severe effect of the radiation. 
After recovery from this the tissue returned to normal. 

Canti and Spear (Proc. Hoy. Soc., B. 106 , 1929) showed that 
tissue cultures exposed to radiation from radium exhibited a 
period of compensatory increase in mitotic activity following the 
initial fall in mitosis. In a recent paper Spear {Jour. Expt. Biol., 
9 , 1932) has attempted to carry this work further by examining 
the effect of two irradiations with an interval between, and 
comparing the results with those obtained from a continuous 
irradiation. It is shown that two exposures of 2^ minutes each, 
separated by an interval, produced a different result from a 
continuous exposure of 5 minutes’ duration. The resulting 
diminution in mitosis was more marked when 80 minutes 
elapsed between the exposures than when the interval was 160 
minutes. It was found that 24 exposures, each of 2J minutes, 
separated by 80-minute intervals, produced a delayed lethal 
effect equivalent to that following a continuous irradiation of 
4| hours. 

Another interesting paper, which does not admit of being 
summarised, is that of Moppett {Proc. Roy. Soc., B. 110 , 1932) 
on the differential action of X-rays on tumour tissues. 

Radiations affecting the living cells of a mammal have first 
to pass through the dead horny layer of the skin. It is the 
radiations which penetrate this layer that act upon the living 
cells beneath. Consequently Angus and Taylor {Proc. Roy. Soc., 
B. 109 , 1931) have investigated the transmission of radiations 
through a sample of the horny layer of human skin. Measure- 
ments of the percentage transmission of visible and ultra-violet 
radiations between A 5790 and A 2300 are given. 

We reported, not long ago, an important advance in our 
knowledge of respiration in insects contributed by Wigglesworth. 
It was shown, in the paper then referred to, that the extent of 
air in the traclxeal capillaries of mosquito larvae is determined by 
the osmotic pressure of the surrounding tissue fluids. The 
terminal regions of the tracheoles contain fluid when the animal 
is at rest, but during activity this fluid is removed in consequence 
of the increase in the osmotic pressure of the surrounding tissue 
fluids. This activity leads to the extension of air into the finest 
branches of the tracheal capillaries, with a consequent increase 
in the supply of oxygen to the active tissues. It was pointed 
put that the osmotic pressure of the tissue fluids of terrestrial 
insects may be far higher than in aquatic insects, and may be 
sufficient to draw the fluid into such fine tracheoles that a 
further increase due to muscular activity will have no further 
effect on them. Wigglesworth {Proc. Roy. Soc., B. 109 , 1931) has 
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investigated this possibility in a number of terrestrial insecte, 
and finds that the tracheal endings during rest do contain fluid 
which is removed during muscular activity. The fact that the 
fluid is not removed during prolonged fasting under dry condi- 
tions su^ests that the osmotic pressure of the blood of these 
insects is maintained during life at an approximately constant 
level. Thus the mechanism regulating the extent of air in the 
tracheoles of aquatic insect larvae is the same as that in terres- 
trial insects. 

Another paper by Wigglesworth {Q.J.M.S., 75 , 1932) deals 
with the function of the so-called " rectal glands ” of insects. 
Observations on larval and adult insects belonging to all the 
main orders are described, and the literature on the subject is 
discussed. It is suggested that the rectal glands and rectal 
epithelium of insects play an important part in conservation of 
water by reabsorbing the water from excrement before it is 
discharged. 

Thorpe {Proc. Roy. Soc., B. 109 , 1932) has investigated the 
method by whieh an apneustic endoparasitic insect larva obtains 
its oxygen and eliminates carbon dioxide. The supposed res- 
piratory function of the “ tail ” of Ichneumonid larvae and of 
the “ caudal vesicle ” of Braconid larvae was investigated in 
particular. Biological indications were employed for studying 
the oxygen absorption. The most useful was found to be pure 
cultures of the flagellate Polytoma uvella, as oxygen tension is 
the main factor controlling its movements. These organisms 
migrate to a region having a certain optimum oxygen tension, 
which is lower than that in water (saturated at atmospheric 
partial pressure). Consequently, when an insect larva is placed 
in a culture of these protozoans, they migrate to the surfaces of 
the larva, where the oxygen tension in the surrounding medium 
is being reduced. When the oxygen tension near these sur- 
faces falls below the optimum they gradually move outwards. 
They thus provide a visible indication of the surfaces at which 
oxygen is being absorbed and of the rate of absorption. Pure 
cultures of the luminous bacterium, B. phosphorescens, were also 
employed for this purpose with success. The carbon-dioxide 
output was investigated by means of pH indicators. It was 
found by these means that the characteristic tail of Ichneumonid 
larvae is of negligible importance as a respiratory organ. On 
the other hand, the caudal vesicle of Brachonid larvae is res- 
piratory in those forms where it is large and well supplied with 
blood, but the whole surface of the body is respiratory also, 
even in these forms. Even at its maximum development in 
Apanteles and Micro^ter, the caudal vesicle can account, at 
most, for one-third of the total respiration. 

There has been much division of opinion concerning the 
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factors which are responsible for the development of the broad 
summer and narrow winter rings of the scales of certain tele- 
ostean fish. The work of a number of authors suggests that 
seasonal variation in the food supply is the factor responsible, 
while Cutler {Jour. Mar. Biol. Assoc., 11 , 1918) maintains that 
temperature, not food supply, is the controlling factor. In a 
recent paper, Bhatia {Jour. Expt. Biol., 9 , 1932) describes a 
series of experiments, designed to clear up this point, in which 
both food and temperature were controlled. The Rainbow 
Trout {Salnto irideus) was selected as suitable material. It was 
found that the scales of trout fed uniformly, whether the 
temperature was normal, high, or low, do not exhibit periodic 
zones of broad and narrow rings. An abundant food supply at 
both high (17° C.) and low (4“ C.) temperatures results in the 
formation of broad rings. Starvation at both high and low 
temperatures results in the formation of narrow rings. Alter- 
nating periods of abundant and deficient nutrition, irrespective 
of temperature, resulted in the production of corresponding 
alternating zones of broad and narrow rings. Variations in 
temperature had no direct effect on the production of periodic 
rings on the scales. It is suggested, however, that as at low 
temperatures the fish are less inclined to feed than at high 
temperatures, this may affect the amount of food consumed, and 
so indirectly affect the width of the rings formed. 

UrrOKOKOOT. By H. F. Barnes, M.A., Ph.D., Rotbamsted Experi- 
mental Station, Harpenden. 

General Entomology. — Various books which have been published 
recently have been reviewed elsewhere. Others include the 
following : Common Pests, by R. W. Doane (viii + 398 pp., 
215 figs. Springfield, Illinois : Charles C. Thomas ; London : 
Bailli^e, Tindall, & Cox, 1931) ; Handbook of the Insects and 
Other Invertebrates of Hawaiian Sugar Cane Fields, by F, X. 
Williams (Experiment Station of the Hawaiian Sugar Planters’ 
Assoc., 400 pp., Honolulu, 1931) : this is a complete ecological 
survey of the smaller-sized fauna, including an introductory 
chapter by the late F. Muir on the theory and practice of parasite 
introduction ; and La Parthenogenese, by A. Vandel {Encyclopidie 
Scientifiqw 7 , xix -1-412 pp., Paris : G, Doin et Cie). 

A Guide to the Study of the Wings of Insects with Suggestions 
for the Instructor (41 -f- 17 pp., 68 plates. Daw, Illston & Co., 
1931) has been wntten by J. C. Bradley. The guide discusses 
the general characteristics of the wings and the venation in the 
orders and certain families. The plates are loose in an envelope, 
and the fi|[ures are printed faintly so that the student can ink 
in the veins. The booklet for the instructor consists of an 
explanation of the more difficult features of the wings illustrated. 
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R. E. Snodgrass has considered the general structwe of the 
abdomen and its appendages in the first part of a study of 
morphology of the insect abdomen {Smithsonian Mtsc. CoU., 
85 , No. 6, 1931, 128 pp.). It will be remembered that he has 
previously dealt with the morphology and evolution of the 
insect head and its appendages (toe, cit., 81 , No. 3, 1928, 
158 pp.), and also the insect thorax (loc. cit., 80 , No. i, 19^7 > 
108 pp.). 

A new book (Die Forstinsekien Mitteleuropas ; ein Lehr- 
und Handbuch, by K. Escherich. Band 3, Spezieller Teil, 
Abteilung 2 : Lepidopteroidea : Die “ Schnabelhafte ” (Panor- 
patae) ; die ” Kocherfliegen (Trichopiera) ; die " Schmetter- 
linge " / (Lepidoptera I) ; Allgemeines, Kleinschmetierlinge, 
Spanner und Eulen, xi + 825 pp. Berlin : Paul Parey, I03i» 
57 gold marks) deals with studies whose object is to find out 
the causes underl)nng the phenomenon of the fluctuations in 
the numbers of an insect, which cause it to be a pest one year 
while attracting no attention in another year. The title is 
misleading. In a useful piaper on the ecology of populations 
(ptly. Rev. Biol., 7 , 1932, 27-46), G. F. Cause has shown that 

(1) the correlation between the density of population of very 
Afferent organisms and ecological factors in natural conditions 
can be expressed by means of a special type of curve, and 

(2) there exists a close connection between the ecological plas- 
ticity of a species and the population of its average conditions 
on the ecological scale. The experimental study of the influence 
of temperature on the density of saturating populations of 
different organisms has shown that temperature influences the 
density of such populations. 

V. E. Shelford (Illinois Dept, of Registration and Education, 
19 , 1932, 487-547) has made a detailed experimental and 
observational study of the chinch bug in relation to climate and 
weather. This paper includes a study of the records of abun- 
dance, migration, rise, and decline of the pest in Illinois since 
1 840. In the early history of the outbreaks there was a striking 
correlation between human death^'ate and chinch-bug damage. 
With better-developed agriculture and improved sanitary condi- 
tions this relation has become less marked. Various types of 
quantitative methods used in the study of numbers of terrestrial 
animals, including insects, are discussed by J. F, V. Phillips 
(Ecology, 12, 1931, 633-49). D. M. DeLong (Ann. Ent. Soc. 
Anter., 88, 1932, J3-17) points out the difficulties encountered 
in the estimation of insect populations by the sweeping method. 
There is a long summary in English to a paper by A. A. Lubis- 
chew on the methods of estimating losses caused by two 
insects pests, Cepkus pygmems L. and Harmolita noxiak 
Portsch. (Bull. Plant Protection, 1, No. 2, undated, 360-505). 
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In a study of the influence of atmospheric humidity on 
the thermal death point in insects (//. E^pt. Biol, 9 , 1932, 
222-31), K. MelJanby describes a technique suitable for exposing 
small insects to high temperature and air of controlled humidity. 
Two main causes of death in insects when killed at hig;h 
temperatures were deducted: (i) when the temperature is 
over 40° C, they die from the elFects of heat, and (2) below 
36® C, all the insects used were able to survive at least twenty- 
four hours in moist air, but in dry air, insects which are unable 
to conserve their water may die of desiccation. In hot air, 
over 40® C., certain large insects are better able to survive in 
dry air, as they keep their bodies cool by evaporating water. 

Three important papers on the physiology of excretion in 
Rhodnius prolixus, dealing with : I, " The Composition of the 
Urine ” ; II, " The Anatomy and Histology of the Excretory 
System ” ; and III, “ The Mechanism of Uric Acid Excretion,” 
have appeared by V. B. Wigglesworth (//. ExpL Biol, 8, 1931, 
41 1-27, 428-42, and 443-51). These papers have already been 
discussed in “ Recent Advances in Zoology ” in the January 
number. In the last paper it has been shown that a definite 
circulation of water takes place through the excretory system. 
Much of the readsorption was seen to take place in the lower 
sclents of the Malpighian tubes, but in addition probably some 
takes place in the rectum. It was suggested that the readsorp- 
tion of water might prove to be the function of the so-called 
” rectal glands.” In another paper {Q.J.M.S., 75 , 1932, 131-50) 
the same author has examined this hypothesis. As a result he 
suggests that the rectal glands and rectal epithelium of insects 
readsorb water from the excrement before it is discharged, and 
thus play an important part in water-conservation. Observa- 
tions on larval and adult insects belonging to all the main 
orders are described in support of this theory. V. B. Wiggles- 
worth, in a further paper {Proc. Roy. Soc. London, 109 B, 
^ 93 *, 354-9) on the extent of air in the tracheoles of some 
terrestrial insects, shows that during rest the tracheal endings 
contain fluid. During muscular contraction {e.g. as a result of 
asphyuation) this fluid is removed, probably by the increased 
osmotic pressure. The fluid, however, is not removed during 
prolonged fasting under dry conditions (in the flea and meal- 
worm). This suggests that the osmotic pressure of the blood 
of these insects is maintained during life at a more or less 
constant level. 

An exceedingly interesting subject has received the atten- 
tion of W. L. McAtee in the form of a recent publication 
{Snnthsonian Misc. Coll, 85 , No. 7, 1932, 201 pp.). It is 
entitled *' The Effectiveness in Nature of the So-called Protective 
Adaptations in the Animal Kingdom, chiefly as illustrated by 

5 
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the Food Habits of Nearctic Birds.” A considerable part of 
this volume deals with insects. 

Three additional parts of the Catalogue of Indian Insects 
have recently come to hand, namely : Part 20 — ” Alucitidse 
(Pterophoridse),” by T. Bainbrigge Fletcher (1931, 61 pp.) ; 
Part 21 — “ Lycidae,” by R. Kleine (1931, 52 pp.) ; and Part 22 
— ” Phaloniadse and Chlidanotid®,’’ by T. Bainbrigge Fletcher 
(1931, IS pp.). 

Some notes on insects inhabiting the saline waters of the 
Californian desert regions have been made by W. H. Thorpe 
{Pan-Pacific Ent., 7 , 1931, I4S-S3)- J- C. Hamlin {Ann. 
Ent. Soc. Amer., 26, 1932, 89-120) has conducted an in- 
vestigation into the stability and restriction of feeding habits 
of certain cactus insects. J. W. Wilson (//. N. Y. Ent. Soc., 40 , 
*932, 77-93) has compiled a list of Coleoptera and Diptera 
collected from a New Jersey sheep pasture. Two useful 
bulletins which deal with mushroom insects have been published 
recently : Mushroom Insects : Biology and Control, by C. A. 
Thomas {Penn. Expt. Sta., Bull. 270, 1 93 1 , 42 pp.), and Mushroom 
Growing {Min. Agric., Bull. 24, 1931, 26 pp.). The occurrence 
of insects at sea is the subject of a paper by J. J. Walker 
{Ent. Mon. Mag., 87 , 1931, 211-32, 254-68). 

Some methods of rearing and maintaining large stocks of 
fleas and mosquitoes for experimental purposes are described 
by H. S. Leeson {Bull. Ent. Res., 88, i9}^> ?5-30; A valuable 
study of the temperature and humidity in various types of 
insect-rearing cages has been made by R. C. Smith (//. Agric. 
Res., 48 , 1931, 547-57)- 

Orthoptera. — E. M. Walker has started a series of papers on 
the anatomy of the primitive Orthopteran, Grylloblatta campo- 
deiformis Walk. In the first contribution {Ann. Ent. Soc. 
Amer., 84 , 1931, 519-36) the exoskeleton and musculature of 
the head is described. The second part of T. Shiraki’s papers 
on the Orthoptera of the Japanese Empire {Insecta Matsumu- 
rana, 5 , 1931, 1 71-209) deals with the Blattidse. In the first 
part {loc. cit., 4 , 1930, 18 1-2 52) the Gryllotalpidae and Gryllidse 
were considered. 

The external morphology of grasshopper embryos of known 
age and with a known temperature history have been studied 
and figured by Eleanor H. Slifer {Jl. Morph., 58 , 1932, 
1-22). E. R. McGovran {Ann. Ent. Soc. Amer., 84 , 1931, 
75 1-61 ) has devised a method of measuring the tracheal ventila- 
tion of grasshoppers, and has g^ven some of his results. 

Coleoptera. — N. H. Joy has written A Practical Handbook of 
British Beetles (vol. I, xxvii -I- 622 pp. ; vol. II, 170 plates 
(pp. 1-170) and index (pp. 171-94) London : Witherby, 
193a). The objects of the book are to help the beginner to 
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identify his captures, and to bring together all the information 
respecting the distinctive characters of the species added to the 
British list since Fowler’s work. The outline figures, of which 
there are 2,040, will be of great use to collectors. 

A systematic catalogue of Formosan Coleoptcra by Y. 
Miwa in English has been published separately as Contribution 
No. 32, Ent. Lab. Taihoku Imp. Univ. (1931, 359 pp.) (re- 
printed from Dept. Agric. Govt. Res. Instit., Taihoku, Formosa, 
Rept. No. 55). 

A few years ago there appeared a paper on “ Tropisms and 
Sense Organs of Lepidoptera ” {Smithsonian Misc. Coll., 81 , 
No. 10, 1929, 1-59), by N. E. Meindoo. The same author has 
now followed this up with a complementary paper on " Tropisms 
and Sense Organs of Coleoptera ” {loc. cit., 82 , No. 18, 1931, 
1-70). The information available on the subject is reviewed, 
and new experimental and other evidence is brought forward, 
using the Mexican bean beetle as a representative type. 

An important paper {Q.J.M.S., 76 , 1932, 49-129) on the 
structure and development of the reproductive system in the 
Coleoptera, with notes on its homologies, by Margot E. Metcalfe 
has recently appeared. Some attempt has been made to 
compare her conclusions with those of other workers, and so 
reduce the number of terms used in such work. 

The morphology of the head-capsule of some Coleopterous 
larvae is discussed and illustrated in a paper by W. E. White- 
head {Canad. Jl. Res., 0 , 1932, 227-52). The egg and external 
structure of the larva of Atomaria linearis Stephens (Crypto- 
phagidae), the Pigmy Mangold beetle, have been described for 
the first time by H. C. F. Newton {Ann. Appl. Biol., 19 , 1932, 
87-97). The first part of an interesting paper on the distaste- 
ful character, warning coloration, and enemies of Coccinellids, 
by F. Heikertinger, has appeared {Biol. Zentralh., 68, 1932, 
65-102). The fifth paper, on the Elateridae of Formosa by 
Y. Miwa, has now appeared {Trans. Nat. Hist. Soc. Formosa, 

*1. 1931, 72-98). 

In a brief note {Ent. News, 48 , 1932, 6-7), Nellie M. Payne 
gives some %ures to show that pupae of the mealworm exposed 
to alternating temperatures generally developed somewhat 
faster than would be predicted from their development at 
constant temperatures. The effect of high and low tempera- 
tures on the brood stages of the western pine beetle, Dendroc- 
Umus brevicomis Lee., has received the attention of J. M. Miller 
{Jl. Agric. Res., 48 , 1931, 303-21). 

A further contribution to the knowledge of the immature 
stages of some Japanese Cerambycid beetles has been made by 
T. Kojima {Tokyo Jl. Coll. Agric., 11, 1931, 263-308). 

J. S. Huxley has made a study of the relative growth of 
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mandibles in stag-beetles (//. Linn. Soc., Zoo., 87 , 193J, 
675-703). As a result of certain facts discovered, it is con- 
cluded that the “ forms " of male Lucanids distinguished by 
coleopterists are purely growth-forms, and have no systematic 
significance. The chief ways of handling data for hetcrogonic 
organs in holometabolous insects are discussed. D. Ludwig 
(Jl. Expt. Zool., 60, 1931, 309-23) deals with weight and 
metabolism changes in the Japanese beetle (Popillia japonica 
Newman). 

The insect food of young rooks has been studied by A. 
Chappellier (Ann. Epiphyties, 16 (1930), 1931, 209-18), who 
finds the species most frequently eaten arc Melolontha melo- 
lontha L. (vulgaris F.), Amphimallus majalis Razoum (Rhizo- 
trogus rufescens Latr.), and Otiorrhynchus ligustici L. 

C. L. Fluke, L. F. Graber, and K. Koch (Ecology, 18, 1932, 
43-50) have shown that under field conditions any factor or 
group of factors of the internal and external environments, 
limiting the amount of subterranean growth and the regenera- 
tive capacity of the grass, intensifies the degree of injury due 
to the grute of Phyllophaga spp. In addition a generally 
favourable environment for the grass reduces the infestations 
of the insect. This follows a paper by Graber, Fluke, and 
S. T. Dexter (loc. cit., 18, 1931. 547-66), which showed that the 
same held good in controlled cultures of Poa pratensis. 

Lepidoptera. — ^The butterflies of the district of Columbia and 
its vicinity are the subject of a bulletin by A. H. Clark (Smith- 
sonian Instil. U.S. Nat. Mus., Bull. 157, 1932, 337 pp.). 

Hemiptera. — ^A paper by E. Rivnay (Parasitology, 84, 1932, 
121-36) attempts to determine : (a) what stimuli attract the bed 
bug (Ciimx lectularius L.), and how this insect locates its prey ; 
(b) why the bug discriminates between individual persons when 
it readily feeds upon animals other than man ; and (c) what the 
factors are which underlie some of the bug's habits, 

G. E. Hutchinson (Amer. Nat., 66, 1931, 573-4) has recorded 
Trichocorixa as occurring in salt water, and mentions its zoo- 
geo^aphical significance. 

F. F. Smith and F. W. Poos (Jl. Agric. Res., 48, 1931, 267- 
85) have made a study of the feeding habits of some leaf- 
hoppers of the genus Empoasca. The Hology of Erythroneura 
pallidifrons Edw. has been studied by Elsie I, MacGill (Bull. 
Eni. Res., 88, 1932, 33-44)* This Jassid is the common leaf- 
hopper of glass houses in this country, and was reared on cotton 
as the host-plant. A Mymarid parasite was reared ; previous 
records of Mymarid parasites attacking this insect came from 
Sweden and the United States. 

The internal anatomy of the male lac insect, Lacdfer lacca 
Kerr, has now been worked out in detail by A. B, Misra (JProc. 
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Zool, Soc. London 193T, 1931, 1359-^^1). This follows a paper 
by the same author on the female lac insect which was men- 
tioned in the January issue. 

Hymenoptera. — ^After stud3nng growth in the larvae of some 
Tenthredinidae (//. Expt, Biol., 8, 1931, 355-64), H. W. Miles 
has shown that gfrowth does not follow a regular geo- 
metrical progression throughout the larval life in this group. 
So Dyar’s law for growth in the larvae of Lepidoptera has only 
a limited application to growth in Tenthredinid larvae. How- 
ever, it can be used satisfactorily to check the number of 
eedyses during that pairt of the larval life directly associated with 
feeding and increase in size. R. L. Taylor (Ann. Enl. Soc. 
Amer., 24, 1931, 451-66) has made a similar study on the 
instars of PhyUotoma nemorata Fallen. He also finds that in 
the last larval instar the head capsule does not show the usual 
increase in size. In addition, he shows that in the first four 
instars the head widths tend to merge at their extremes owing 
to the extent of individual variation. H. W. Miles (Bull. Ent. 
Res., 28, 1932, i-i6) has also made some biological studies of 
sawflies infesting Ribes. He deals with Pteronidea ribesii Scop., 
P. leucotrochus Hartig, and Pristiphora pallipes Lep. The first 
part of a paper on the morphology, anatomy, and biology of 
Lopkynts pini L. by G. Eliescu has appeared (Zeits. 1 . angew. 
Ent., 19, 1932, 22-67). 

In a paper on respiration in the larvae of parasitic H)rmen- 
optera (Proc. Roy. Soc. London, 109 B, 1932, 450-71), W. H. 
Thorpe gives details of using biological indicators for stud3nng 
the oxygen absorption. It is concluded that the “ tail,” a 
feature of many first instar Ichneumonids, is of no importance 
for respiration. With regard to the caudal vesicle of Braconids, 
there are considerable differences in structure in different 
genera. Where the vesicle is large, and supplied with a good 
blood circulation, it is of undoubted importance as a respiratory 
organ. However, gas exchange takes place over the whole 
body surface. In Apanteles and Microgaster, on the other 
hand, the vesicle, at its maximum development, cannot be 
responsible for more than about one-third of the total 
respiration. In other forms, e.g. Orgilus, its respiratory 
function is even less. 

An important paper by G. Salt on the parasites of the wheat 
stem sawfly, Cephus pygmems Linn., in England has appeared 
(Bull. Ent. Res., 22, 1931, 479-546). Thirteen species, of which 
nine are primary and four are hyperparasites, are to be found 
in this country, and they are all dealt with in considerable 
detail. This is followed (loc. cit., 547-50) by a short note by 
C. W. Smith on the colonisation in Canada of Collyria calcitrator, 
one of the parasites previously studied. Apparently this 
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species attaciced Cephus, and reached the second larval stage 
successfully in its new home. Certain details of the morphology 
and life-history of Heterospilus cepki Rohwer, another parasite 
of the wheat stem sawfly, have been given by C. C. Hill and 
H. D. Smith (//. Agric. Res., 48 , 1931, S97~^09)- 

The primary larvae of three Ophionine Ichneumonids 
parasitic on Rhyacionia buoliana Schiff., have been described 
by W. H. Thorpe {Parasitology, 84 , 1932, 107-1 10). The life- 
history and general behaviour of Monodontomerus aereus Walker, 
which is both a primary and secondary parasite of the Brown- 
tail moth and Gipsy moth, form the subject of a paper by C. F. 
W, Muesebeck (//. Agric. Res., 48 , 1931, 445-60). 

The importance of temperature as a factor in the activity 
and development of the Chinese strain of Tiphia popilliavora, 
a parasite of the Japanese beetle, has been demonstrated by 
J. K. Hollaway {Jl. N. Y. Ent. Soc., 88, I 93 *» SSS-<53). 

There is a note on Lcelius anthrenivorus Trani, an interesting 
Bethylid parasite of Anihrenus verbasci L., in France by A. M. 
Vance and H. L. Parker {Proc. Ent. Soc. Wash., 84 , 1932, 1-7). 
This species is ectoparasitic in the larval stage on certain of the 
Dermestidae that infest museum specimens. Other species of 
Lcelius have previously been found in the U.S.A., France, and 
Italy, from which last-named country L. anthrenivorus was first 
recorded. 

In a paper {Q.J.M.S., 74 , 1931, 647-68) on the “ olfactory 
pores ” in the honey bee, H. C. F. Newton has described their 
structure and development in the pupae, but finds no evidence 
supporting Meindoo’s theory that the actual termination of the 
nerve fibres is exposed to the outside air. 

Diptera. — ^The terminal segments of two species belonging to 
the genera Psychoda and Telmatoscopus and three species of the 
genus Phlebotomus are the subject of a comparative study by 
S. Mukerji {Ind. Jl. Med. Res., 19 , 1931, 433-46). 

The larv* and pupae of Ficalbia {Minomyia) hybrida 
Leicester have now been shown by J. Bonne-Wepster {Bull. 
Ent. Res., 28 , 1932, 69-72) to get their oxygen from aquatic 
plants. Previously only Tceniorhynchus larvae have been 
recorded as having this mode of obtaining oxygen. 

An important paper, entitled “ Resistance of Varieties of 
Winter Wheat to Hessian Fly ” {Kansas Agric. Expt. Sta., 
Tech. Bull. 27, 1931, 58 pp.), by R. H. Painter, S. C. Salmon, and 
J. H. Parker has appeared. Among other results, detailed 
information is given concerning the evidence for the presence 
of distinct biological strains or populations of Hessian fly, the 
one in the hard-wheat belt of Kansas and the other in the soft- 
wheat area in the same State. Two papers have been written 
on gall midges injurious to grasses : one by W. Tomaszewski 
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{Arbeit, a. d. Biolog. Reich, f. Land- und Forstwirt., 19 , 1931 . 
1-15), which deals both with midges aifecting the flower heads 
and the stems ; the other by H. F. Barnes (Bull. Ent. Res., 82 , 
1 93 1 1 199-203), which is restricted to those preventing seed 
formation. 

A good account of British Tabanidae has been provided 
by E, R, Goffe {Trans. Ent. Soc. South 0/ England 1930, 1931, 
43-1 14), particular attention being paid to variation. In the 
same periodical {loc. cit., 1931, 1-42) B. M. Hobby has compiled 
a useful list of the British species of Asilidae and their prey. 

.Several methods of general biological application are used 
and explained in a bulletin on the biology and control of 
the blueberry Maggot by F. H. Lathrop and C. B. Nickels 
{U.S.D.A., Tech. Bull. 275, 1932, 76 pp.). K. Koidsumi 
(Contribution No. 30, Ent. Lab. Taihoku Imp. Univ., 1931, 
68 pp. ; reprint from Bull. Dept. Agric., Govt. Res. Instit., 
Taihoku, No. 85) deals with the fatal action of low temperatures 
upon the pupae and larvae of the Melon-fly {Chcetodacus cucur- 
bitce Coq.). There is a r^sum^ in English. The alimentary 
canal of the apple maggot, Rhagoletis pomonella Walsh, has been 
studied by R. W. Dean {Ann. Ent. Soc. Amer., 26 , 1932, 210- 
23). Usually scatophagous forms of Dipterous larvae and those 
of medical importance have attracted attention in this line of 
work, so that this paper is welcome. 

In a second paper on Tylenchinetna oscinellce Goodey 1930, 
a nematode parasite of the Frit-fly, T. Goodey {Jl. Helminth., 9 , 
*93>, 157-74) has shown that the site of entry into the gut of 
the host of those larvae making their way to the exterior is the 
wall of the food reservoir. 

R. W. Wells {Jl. Econ. Ent., 24 , 1931, J 242-7) has shown 
that there are distinct possibilities in the use of electrified traps 
for the destruction of houseflies and blowflies. Such traps 
might be of importance if used round dairies, farm buildings, 
etc. U.S.D.A., Tech. Bull. 270 (1931, 10 pp.), by E. W. Laake, 
D. C. Parman, E. C. Bishopp, and R. C. Roarck, deals with the 
chemotropic responses of the housefly, greenbottle flies, and 
the black blowfly. R. P. Hobson {Jl. Expt. Biol., 9 , 1932, 
128-38), in a study of the role of the intestinal flora in digestion 
in blowfly larvae, comes to the conclusion that micro-organisms 
play no part in intestinal digestion, 

R. W. Burrell {Jl. Agric. Res., 48 , 1931, 323-36) has described 
the method of shipment, manipulation at the insectary, colon- 
isation, and biology of Dexia ventralis, a Tachinid parasite of the 
Japanese beetle, which is being imported from Chosen {Korea) 
into the United States of America. 

G. R. Coatney {Parasitology, 28 , 1931, 525-32) deals wth 
certain aspects of the biology of Pseudolynchia maura Bigot, 
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the Hippoboscid parasite of pigeons. The effect of feedii^ it 
under laboratory conditions on pigeons (normal wild host) and 
chickens, mow’ning dove and man ^ore or less unsuitable hosts) 
is noted. 

E. C. Alfonsus and £. Braun have made a prelimina^ study 
of the internal structures of Braula cceca Nitzsch (Ann. Ent. Soc. 
Amer., 84 , 1931, 561-82). 

Other Orders. — D. S. Maclagan (Bull. Ent. Res., 88, 1932, 
101-45) has made a thorough ecological study of Smynthurus 
viridis L. Considerable additions have been made to the 
Imowledge of the life-history and bionomics. The latter has 
been dealt with in two sections, dealing with biotic and physical 
environmental factors, respectively. The part played by such 
factors in limiting the normal increase has been determined. 

In a further (7th) contribution towards a knowledge of the 
biology of Thysanoptera with reference to the cotton plant, 
Elsie I. MacGill (Ann. Appl. Biol., 18 , 1931, 574-83) has studied 
the relation between temperature and humidity and the life- 
cycle. Apparently the degree of relative humidity has little 
or no effect on the length of life-cycle of T. tabaci, although it 
has a marked effect on the mortality of the immature stages. 

A method of separating the dorsal and ventral surfaces of 
the wings in mayflies, which will be useful in studying wing 
venation, is described by H. T. Spieth (Ent. News, 48 , 1932, 
103-5). J. S. Phillips (Trans. Ent. Soc. London, 79 , 1931, 
399-426) has made an important study of the New Zealand 
mayfly nymphs. 

L. R. Setty (Ann. Ent. Soc. Anter., 84 , 1931, 467-84), in a 
paper on the biology of Bittacus stigmaierus Say, has described 
the pupa ; this apparently is the first time a pupa belonging to 
this genus has been described. 
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SOME RECENT RESEARCHES IN SOUND 

Bv PROF. E. N. da C. ANDRADE 

Qimn of Pky**es in iki UmvmUy of London 

Among the classical experiments of sound, described in every 
textbook, must be numbered Chladni’s figures on vibrating 
plates, Kundt’s dust figures in a tube containing a vibrating 
column of air and the sensitive flame. The beauty of the 

E henomena, and the ease with which they can be produced, 
ave rendered them such popular subjects for demonstration 
that they are familiar to every student who has taken a course 
in elementary physics ; yet in spite of the fact that they have 
been the subject of investigation by many distinguished 
workers, including men no less than Tyndall and the late Lord 
Rayleigh, the various processes by which the results are pro- 
duced have remained obscure. Investigations recently carried 
out in the writer’s laboratory *■ have thrown light on many 
aspects of these experiments, and, while in the case of the 
sensitive flame there is still much to be done, it is now possible 
to give some account of the way in which the various observed 
appearances are brought about. The advance has been made 
possible by the fact that the new technique of thermionic valve 
oscillators gives us what was denied to the older researchers, 
namely, an easy method of producing a note of any desired 
pitch which can be maintained as long as is desired at constant 
frequency and of a controlled intensity. Had this been 
available earlier there is little doubt that the results here 
described would have been obtained long ago. 

The problem offered by the sand figures, first produced by 
Chladni on a vibrating plate, is a comparatively simple one, 
namely, why do the sand particles move to the nodal lines ? 

' E. N. da C. Andrade. " On the Circulations Caused by the Vibrations 
of Air in a Tube," Proc. Roy. Soc., A 184 . 445, 1931. 

E. N. da C. Andrade. " On the Groupings and General Behaviour of 
Solid Particles under the Influence of Air Vibrations in Tubes,” Phil. Trans. 
^oy-Soe., A 280 , 413. *932. 

£. N. da C. Andrade. " Absolute Measurement of Sound-Amplitudes and 
Intensities," Phys. Soc. Discussion on Audition, June 1931. 

£• N. da C. Andrade and D. H. Smith. " The Method of Formation of 
Sand Figures on a Vibrating Plate," Proc. Phys. Soc., 48 , 405, I93*. 

G. B. Brown. " On Sensitive Flames," Phil. Mag., 18 , i6t, 1932. 
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Apparently it is always taken as a matter of obvious necessity, 
yet the only explicit account of the machinery of motion of 
the particles which I have been able to trace, namely, that given 
in Winkelmann's celebrated Handbuck (vol. ii, p. 385, 1909) is 
incomplete, and erroneous as far as it ^oes. The mechanism 
which suggested itself to me, and which was confirmed by 
experiments carried out in conjunction with Mr. D. H. Smith, 
is as follows. Let us consider a complete vibration of the 
plate, starting' at the instant of downward motion through the 
equilibrium position, when the velocity is greatest. During the 
motion down to the lowest position the velocity continually 
decreases and the acceleration is upwards, so that the reaction 
between the plate and a grain of sand is greater than the reaction 
when the plate is at rest. As the plate moves upwards to the 
equilibrium position the acceleration is likewise upward, but 
during the remainder of the upward motion the velocity is 
diminishing and the acceleration is downwards, so that the 
reaction is less than normal. If, before the plate reaches its 
highest position, the downward acceleration at the spot con- 
sidered reaches the value g, the particle will cease to be in con- 
tact with the plate, and will move away from it with an initial 
velocity equal to that of the plate at this spot and at this 
instant, and with a small component towards the node, owing 
to the convexity of the plate upwards. If we neglect any 
possible effect of the air the particle will describe a parabola 
and fall back on to the plate. 

Its subsequent beha-viour will be determined by the position 
and motion of the plate at the spot on which it falls. If it 
strikes the plate when it is moving upwards and convex 
upwards the particle will be thrown outward to a nodal line, 
but if it strikes the plate when it is concave upwards it may 
clearly be thrown in towards the place of greatest motion. This 
is more likely to happen when the particle is thrown vigorously 
upwards, so that it is some time in the air. The point has been 
subjected to a brief mathematical discussion, from which the 
conditions for a motion away from the nodes can be approxi- 
mately deduced. 

If this picture is correct the grains of sand should not travel 
right up to the nodal line, but to a line at all points of which 
the greatest acceleration of the plate is g. To confirm this a 
steel plate was maintained in vibration by a magnet fed with 
current of controlled frequency and intensity from a valve 
oscillator. Since eve^ part of the plate moves up and down 
with a simple harmonic motion, the greatest acceleration at any 
point on the edge can be at once calculated if the amplitude at 
that point is measured with a microscope, the frequen^ being 
known. It was found that while, when the vibration was 
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vigorous, the sand grains cleared from a s^ce whose boundary 
lay dose to the nodal line, when the vibration was less energetic 
the nrains deared from a very limited region only, no matter 
how long the plate was maintained in motion. Fig. i, Plate I, 
shows the equilibrium state for a vigorous vibration, Fig. 2 
for a moderate vibration. 

Measurements made on this plate showed that the accelera* 
tion was rather greater than g on the boundary line of the sand. 
It was found that sand grains tended to stick to the steel, 
while fragments of crushed glass moved more freely. To obtain 
a more accurate check, ineasurements were then made with 
such fragments on a vibrating steel bar, of which the frequency 
was lower and consequently the amplitude corresponding to g 
larger, permitting more predse measurements. The average 
value found for the maximum acceleration at the boundary line 
of the group of particles was 978 cm/sec*, which is astonislungly 
dose to the true value of g, viz. 981 cm/sec*. 

Another point in which the theory is confirmed is illustrated 
by the photographs. According to the calculation, when the 
vibration is vigorous there is a good chance of a particle striking 
the plate when it is concave upwards, and being thrown towards 
the antinode. It will be seen that while at the low intensities, 
represented by Fig. 2, the antinodal regions are quite dear of 
partides, at the high intensity of Fig. i there are a few partides 
distributed all over the plate. This is, of course, clearer in 
the original photographs than in the reproductions. It may 
be added that the hitherto unconfirmed statement that the 
light powder lycopodium, which Faraday showed to move to 
the antinodes in consequence of the turbulent motion of the 
air, would move to the nodes in a vacuum has been verified by 
putting the electrically maintained plate in an exhausted vessel. 

The problems attaching to Kundt’s tube are of a more 
complicated character. Kundt himself described their essential 
features, which va:^ with the density of the powder and the 
position of the driving disk, carried by the stroked rod, relative 
to the nodes formed in the air in the tube. It may be said at 
once that the work to be described has shown that the determin- 
ing condition is the energy of the air vibration : when a node 
is near the driving disk the vibration is very vigorous, while 
when a loop is near the driving disk it is comparatively mild.* 

* This foct, which can be proved at once by an elementary mathematical 
discuaskm. appears to some paradoxical. A simple analogy will suffice, 
perhaps, to cfear np any difficulty. Let one end of a cord be firmly attached 
to a aupport, and the other end be held between the fingers and shaken. 
H the freqiwncy of shaking be a resonant frequency of the cord a very small 
motion of the fingers produces a large motion at the loop ; if the frequency 
be adjusted so tut the fingers are near a loop the general motion will be 

comparatively small. 
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With a node near the driving disk and a light powder, lyco- 
podium, the dust collects in heaps at the nodes, and there are 
no other patterns in the tube. With an antinode near the 
driving disk the light powder forms a figure which I call an 
" eye,” and wMch Kundt called a ” hole,” round each node. 
Su^ an eye, with two curved walls of dust formed S5rmmetric- 
ally about the node, is shown in Fig. 8, Plate III. With 
heavier powders, such as fine sand, and a node near the driving 
disk, dust heaps or eyes form about the nodes, between which 
a series of shaip ridges appear, as illustrated in Fig. 7, Plate II, 
and Fig. 10, Plate III. with an antinode near the driving 
disk there is no movement. Interpreted in the light of the 
recent experiments this means that with vigorous vibration 
and inert particles ridges are formed between the nodes ; 
with less vigorous vibration and much lighter particles eyes 
are formed about the nodes, while with vigorous vibration and 
light particles heaps are formed at the nodes, which are merely 
limiting cases of the eyes, when the two sides are moved up to 
the node so that they blend. 

The behaviour of particles in a vibrating fluid depends 
upon a number of factors, including the radius of the particle, 
the relative densities of the substance of the particle and of the 
fluid, the kinematic viscosity of the fluid, and the frequency of 
the vibration. To consider two extreme cases : if the particle 
is (»mparatively large and fairly dense, and the vibration is 
rapid, the particle remains at rest, and the fluid washes to and 
fro over it ; if the particle is very small and light, and the 
frequency of vibration not too high, the particle moves to and 
fro with the full amplitude of the fluid. Calculation shows that 
with such dust particles as are used in Kundt ’s tube, e.g. cork 
particles, with air as the medium and very low frequency, say 
100 vibrations a second or less, the second case is nearly realised, 
while with smoke particles, the radius of which is about 
5 X IO-* cm., it is realised very closely even when the frequency 
is as high as 2,000 vibrations a second, the amplitude of the 
smoke particles being within i part in 1,000 of that of the air 
while for lower frequencies the departure is less. Smoke 
particles, therefore, can be used as indicating points, follovring 
dosely and making visible the motion of the air. On the other 
hand, when the frequency is as high as 850 or so, small cork 
partides move with only half the amplitude of the air motion 
and at higher ftequendes, such as are usually employed, move 
stiU less, tending to realise the conditions of the first case 
It nmy be taken, then, that for the partides and the frequencies 
generally utilised in the tube experiment the partides act as 
obstades over which the air washes to and fro. 

In my experiments the source of sound was a loud-speaker 



: ^ ... .... - 





•< 


Fk.. 5. 



Fic, 0 



F"ig 7 



7^1 


Ficj g 
PLATK II. 







RESEARCHES IN SOUND 77 

unit, mounted so that the diaphragm, which could move freely, 
closed one end of the tube, usually about 3*5 cm. in diameter. 
The unit was fed with current from a valve oscillator, with 
filter and two-stage amplifier, which gave a note of good 
intensity over the range 2,500 to 50 vibrations a second. The 
wave form was observed with a cathode-ray osdllograph, and 
was found to be a pure sine wave when the amplitude was not 
too large. The length of the tube was kept constant, and the 
frequency varied at will. To observe the vortices about to 
be described a ^lass box of rectangular cross section was 
mounted in the middle of the tube, the transition from circular 
cross section to rectangular form being made smoothly by 
suitably shaped metal pieces, so that the whole formed one 
tube without discontinuities. For illumination a flat beam of 
intense blue-violet light was used, by means of which any 
section of the tube could be isolated for observation. Con- 
vection was avoided by a careful system of water-jacketing. 

To observe the behaviour of the air about an obstade a 
cylinder was fixed across the rectangular box, and a little 
cigarette smoke introduced to render the motion visible. 
With the cylinder at an antinode it was found that as soon as 
the intensity of vibration exceeded a certain value a beautiful 
vortex system was formed about the obstacle, the form of which 
is well illustrated in Fig. 3, Plate I. The air vibration is in a 
line parallel to the top of the page : the direction of motion in 
the vortex is outward from the obstade in this direction, and 
inward toward the obstade at points above and below it in 
the photograph. The stronger the vibration the larger the 
vortex system. The general appearance of the vortex system 
about a sphere is very similar for a median cross section, but 
the lines of flow in this case are, of course, identical in all 
planes through the line passing through the centre of the sphere 
and parallel to the vibration vector. 

l^rd Rayleigh many years ago calculated that in a tube 
full of a real, «.«. viscous, gas in vibration there should be a 
slow_ general drculation between node and antinode, the air 
passing along the wall of the tube from antinode to node, 
and back up the centre. Such a drculation had never been 
obsenred experimentally, although some remarks of Dvorak 
dealing with a dust phenomenon were interpreted to mean that 
something of the kind had been seen. Experience shows that 
the drciuation requires very steady and carefully controlled 
conditions to produce it, and it could certainly not be made 
to appear with the old technique. With a tube carefully water- 
jacketed and a maintained note of suitable frequency and 
intensity the circulation was made to reveal itsdf by the motion 
of smolte, Fig. 4, Plate I, shows one section of the node to 
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aiitinode circulation, Fig. 5, Plate II, two sections, separated 
by an antinode, llie Ught isolates a central section of the 
tube : the whole circulation is reproduced by rotating the 
picture about the axial line of the tube. 

Such a general circulation will, of course, interfere with the 
formation of a symmetrical vortex about an obstacle. When, 
however, the vibration is not too vigorous the general circula- 
tion is so sluggish that the vortex is not disturbed appreciably, 
as can be seen by the symmetry of the pattern shown in Fig. 3. 
As, however, the intensity of the vibration is increased, the 
vigour of the «neral circulation gains on that of the vortex 
motion, which finally is almost completely overcome. This fact 
is very important for the exffianation of the dust phenomena. 

Before proceeding to the discussion of the dust figures one 
more feature connected with the smoke may be mentioned. 
Observation through a microscope shows the individual smoke 
particles as bright points, which are drawn out into lines 
when the air is thrown into vibration. As the smoke takes 
up the full amplitude of the air motion measurement of the 
length of these lines enables us to find the absolute intensity 
of the sound. This measurement requires a little practice, 
but a simple technique has been evolved which gives fair 
accuracy. This measurement of the traces of smoke particles 
thus provides an absolute method of finding the intensity of 
the sound. The wave form being observed with a cathode-ray 
oscillograph we are dealing in these experiments with a vibration 
of known frequency, amplitude, and wave form. 

The formation of dust ridges was explained many years 
ago by W. Kbnig on the basis of hydrodynamic forces set up 
by the vibrations of a perfect fluid. Such a fluid washii^ 
periodically over two spheres can be shown to give rise to a 
repulsion, falling off very rapidly with the distance, if the 
centres of the spheres are in the line of vibration, and an 
attraction if they are in the transverse position. It was 
aimed that if a series of ridges is formed the mutual repulsions 
will keep them in position, but it is hard to see how they are 
originally brought into existence on this theo^. Ctftain 
obMTvations show the theory to be inadequate in any case. 
Occasionally two isolated ridges can be seen to form, especially 
near a node, and it is difficult to explain this in terms of repuf- 
siotts alone. Again, no ridges whatever are formed until the 
intensity exceeds a certain value, when they suddenly appear 
at the antinode, furthor increase in intensity leading to an 
extension of t^ rid^ system towards the nodes. Hie 
calculated repulsions increase smoothly as the amplitude 
increases, to that they offer no reason for a sudden appearance 
of ridges. 
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To test the point definitely small spheres were made of 
pith, and a ridge of such spheres cemented across the tube, 
ft was then found that, provided the vibration exceeded a 
certain intensity, a single ndge of loose spheres would form up 
parallel to the fixed ridge, approaching the fixed ridge if the 
spheres were initially too far away, and receding from it if 
they were too close. In other words, there is a definite 
equilibrium position with two ridges only, quite independent of 
any further ridges, which definitdy establishes the inadequacy 
of Kdnig’s theory. 

It is a feature of a viscous fluid that vortex motion sets 
in only when a certain velocity is definitely exceeded, so that 
the sudden appearance of ridges as intensity is increased 
suggests vortex motion, and not the irrotational motion 
calculated by Konig, as the origin of the ridges. The type of 
vortex discovered to exist round an obstacle seemed hkely 
to furnish the necessary forces. In the case of the ridges the 
obstacles lie on the bottom of the tube, so that the effect of two 
obstacles, cylinders, resting gainst one side of the rectangular 
tube was tried. It was soon found that if the intensity and 
frequency were suitable the vortex systems due to the two 
obstacles just touched, as shown in Fig. 6, Plate II. Each 
system is, incidentally, half that caused by an obstacle in the 
middle of the tube (Fig. 3), as is to be expected. By suspend' 
ing one of the cylinders so that it could move freely it was 
demonstrated that when the vortex systems are as shown in 
Fig. 6 the obstacles are in equilibrium, approaching if separated, 
and receding from one another after being put close. The 
forces due to the vortex systems round obstacles placed in 
vibrating air which washes over them are, then, clearly sufficient 
to produce ridges. 

If cork dust is used, fine intermediate ridges tend to form 
between the main ridges, and these ridges consist of the finer 
particles present. They are clearly due to such particles being 
driven by the vortex motion to a position between the two 
systems. If particl^ of uniform size, actually small wax 
spheres, are used, no intermediate ridges are formed. 

If the vibration is very vigorous, particles are robbed from 
the extrenuties of the central ridges, and carried along from 
ridge to ridge until finally a very small ridge is formed near the 
node, whic£ moves in slightly and collapses. Ultimately all 
the ridges are cleared away in this manner, and carried to a 
position near the node, where they build up the walls, to either 
side of a node, shown in Fig. 8, Plate 111, forming an eye. This 
behaviour can easily be explained in terms of the fact of observa* 
tion that, at lower intensities, the general circulation of Figs. 4 
and 5 is very sluggish, and unable to overcome the effects of 
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the vortex system formed round an obstacle, while at higher 
intensities tlw vigour of the circulation ga^ on that oT the 
vortex systems. Without going into details it may be said 
that when the vibration is strong the circulation, along the 
walls from antinode to node, carries the particles until they 
reach a position near the node where the intensity is just 
insufficient to cause vortex motion, and so to maintain a ridge ; 
in other words, to the position where the one side of the e^e 
is formed. Ihis was confirmed in detail by subsidiary experi- 
ment. 

In the course of the experiments a new phenomenon was 
observed. At the antinode a sharp disk of dust is formed, 
less than a millimetre thick, which is shown obliquely in Fig. lo, 
Plate III, and as seen by an observer looking normally to the 
axis of the tube in Fig. 9, Plate II. The mechanism of forma- 
tion of this disk is curious. When the vibration is first started 


a series of deep ridges, formed by the same mechanism as those 
at the bottom of the tube, appears at the top of the tube, near 
the antinode, but ultimately they all move m to form a single 
antinodal disk, the downward action of gravity, which stabilise 
those at the bottom, leading to the disappearance of all ridges at 
the top but the central one. With finer particles sharper disks 
than that shown in Fig. 9 can be formed. These antinodal 
disks are very valuable for measuring sound velocity. Many 

K ecautions are required, but with care great uniformity can 
obtained. Mr. D. H. Smith is working with me on this point, 
and, before the latest improvements, we had obtained 33 1 *34, 
331 'SS, 331*64, 331*53, 33* *48 as values of the velocity of sound 
in dry air, corrected to 0“ C. Even greater consistency is now 
being obtained. The method is, of course, available for any 
gas. Fig. 1 1 shows a series of antinodal disks in a tube, the 
driving diaphragm being on the left, and the closed end of the 
tube out ox the picture on the right. 

The mechanism by which dust figmes are formed in Kundt’s 
tube appears, then, to be tolerably clear, and the study of it 
has led to a method for measuring the velocity of soimd in 
gases more accurate than that hitherto available. The third 
problem to which attention has been recently devoted in n^ 
bboratory is that of the sensitive flame, on which Mr. G. B. 
Brown bu ^n working, and has recently published a series 
of results. The final problem of the exact method in whidi 
the sound vibrations lead to instability of the burning column 
of gas has not yet been solved, but a great advance has b^ 
made towards an answer. 


The first point was to see if the flame is sensitive to all 
firequendes vnthin a certain range, or only to particular fre- 
quencies. In order to avoid some of the complications attach- 
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ing to a hot stream of gas» that is, to a long flame, the main 
eigieiiments were carried out with a sensitive stream of air, 
rendered visible bv an admixture of cigarette smoke. The 
valve technique allows a steady note of any frequency to be 
produced. Mr. Brown has found that such a stream is sensitive 
to certain freouendes only, the main frequences lying in the 
neighbourhood of higher harmonics of one fundamental fre- 
<|uency, although it is not at present dear if any particular 
significance can be attached to this relation. Th^ are the 
same for different Jets and a stream of one gas, but the critical 
freouendes for unlit gas are higher than those for air, and those 
for lit gas higher still. 

Another very important point which Mr. Broivn has 
established is that the statement made in the textbooks, to 
the effect that the instability produced by a sound is essentiallv 
the same as that produced by an increase of pressure whidn 
leads to flaring, is wrong. Increase of gas pressure leads to 
a confused turbulence, but strobos^pic observation reveals the 
fact that a pure note leads to a flickering of the stream, with 
alternate disengagement of a vortex f&st to one side and 
then to the other, forming a double system something like 
what is known as a Karman vortex street, but with the two 
sides of the “ street " diverging so as to form a V instead of 
bdng parallel. The general behaviour is reminiscent of what 
takes place in edge tones, to which the mechanism of the 
sensitive flame would appear to be dosely related. 

This account is necessarily very condensed, and many 
j)uestions, neglected here, whiw will no doubt suggest them- 
'selves to readers, are handled in the original papers. It is 
hoped that it may serve to suggest that there is still room for 
ivsearch in many old problems which are casually assumed to 
be exhausted. If the story here told has a moral it is, perhaps, 
that the hydrodynamics of real fluids has little relation eitho: 
to the conventions of the older textbooks or to the theoretical 
results obtained with the perfect fluids so dear to the applied 
mathematician. The hydrodynamics of vortex motion still 
oStar a field for experiment, in which the beauty of the pheno- 
mena offers a rare reward. 
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CHRISTOPHER COLUMBUS AND THE 
DISCOVERY OF MAGNETIC VARIATION 

Bt N. H. de VAUBRSY HEATHCOTE. B.Sc. 

UwkmtUy Catkgt, London 

Introduction 

There are two problems in connection with the early history of 
magnetism whi^ have long aroused a considerable amount of 
interest and speculation : the first, When and how did the 
mariners’ compass first come into use in western Europe ? the 
second, When and by whom was it first observed that the 
magnetic needle does not point to the geographical pole, but is 
deflected either to the east or west ? Qosely connected with this 
second question is that of the discovc^ that the variation (or, 
as it is now called, the declination) is itself not uniform, but 
varies with locality, and is also subject to a slow change with 
time. 

Though we are not here concerned with the introduction of 
the mariners’ compass into Europe, yet it may be said that this 
took place some time before the dose of the twelfth century : a 
pivoted needle is mentioned as one of the essentials of a well* 
equipped ship by Alexander Neckham in his De nominibus utm- 
tuium, and is also referred to in his De naiuris rerum in a manner 
which leaves no doubt that its use was well known at this time 
(c. 1 190).* This reference is almost certainly the earliest which 
has so far come to light, but even if the allusion to the compass 
in the satirical poem, ” La Bible,” by Barbarossa’s minstrel, 
Guyot de Provins, is but little later, Neckham’s is of special 
interest : to us, because he was an Englishman ; and generally, 
because it occurs in a serious, one might almost say ” sdentific,” 
work.* As to the manner in which the West first became 

* Atexondn: Neckham waa bom at St. Albaaa in X157. The Dt naturis 
rertm oaaxiot be dated with certainty, but it ia quoted at length in aChionicle 
tt oc m e rfy aactibed to John of Brompton) which doses with the accession of 
IBag Tolm in XX99. 

* 'uie XJs MsAirff ramm la also interesting, in that Neckham atten^»ts (lib. n, 
cep. 98, " De vi attractiva ") to account for the attracUon of the maniet for 
hKrt, as well as for that of amber for chaff, on the theory of ” similanty and 
diaabnilarlty,'' which is again met with in the sixteeatb century (a.|f. in 
Praeastoro's De Sympethia et AnHpatkitt rerum, 1546). 
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acquainted with the use of the mariners* comi^ss, it is an 
attetu:tive theory, and one with much to be said in its favour, 
that in this, too, the West profited by the closer contact with the 
East brought about through the Crusades. 

1. Columbus and the Discovery of Variation 

The discovery that the compass needle does not point to 
the geographical pole is now almost universally credited to 
Christo^er Columbus : few accounts, however brief, of the 
famous voyage of 1492 fail to make some mention of the con- 
sternation caused among the crews by the peculiar behaviour of 
the magnetic needles. And indeed, whatever light recent re- 
search has thrown on the knowledge of variation beforeCblumbus, 
no recorded observation has yet come to light which is earlier than 
the entry in Columbus’s Diary for Thursday, September 13, 

149* : 

“ En este dia, al comienzo de la noche, las agujas norues- 
teaban, y a la mafiana noruesteaban algun tanto." * 

And again, referring to Monday, September 17 : 

“ Tomaron los pilotos el Norte marcandolo, y hallaron que 
las agujas noruesteaban una gran cuarta, y temian los marineros, 
y estaban penados y no decian de que. Conociolo el Almirante, 
mando que tornasen a marcar el Norte en amanedendo, y 
hallaron que estaban buenas las agujas ; la causa fue que la 
estrella que parece hace movimiento y no las agujas.” * 

These extracts are taken from the edition of Columbus’s Diary 
published by Navarrete in his Colecdon de Viages (1825)*: a 
most useful work, as it contains all the extant documents written 
by Columbus in connection with his voyages, each document 
cc^ified to have been correctly copied from the original MSS. 
with, in most instances, the name of the copyist. 

It is generally said that Columbus kept two diaries — a private 
one, and also an ofiidal one to which the pilots had access ; that 

‘ “ This day, at nightfall, the nsedles deviated to the north-west, and on 
the morrow il^ deviated slightly (? about the same) in the same direction." 

* " The pilots took an observation of the north, and found that the needles 
deviated a good quarter to the north-west, and the mariners were afraid, and 
were dismayed, and did not say why. And the admiral observed it, and bade 
tiiem repeat itie observation of the north at dawn, and they found that the 
n ewdla s were correct ; the reason was that the star which tiiey saw moved, 
mid not the needles." 

‘Martin Fernandes de Navarrete: Cohieeion d* lot viages y inoArimientos 
gm kleUren par mar lot EtpaMes dttde fines del sigh Xv (5 vds., rSsy-jy), 
vpl. I. pp. 8..9. 
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the number of leagues covered was always macte to appear less 
than was actually the case, so as not to alarm the crews. I 
dinnot, however, find any record of such an official diary ; per* 
haps the statement rests merely on the fact that Columbus nearly 
always adds a second, slightly smaller, estimate of the distance 
covered : thus, for September 13, ** sailed 33 leagues west, and 
reckoned 3 or 4 less,” and for September 17, ” sailed 50 leagues 
west and reckoned only 47.” This seems rather to point to the 
desire of a cautious man to avoid falling into the natural error 
of o ver*estimating the distance covered . The eimerienced pilots 
who accompanied the expedition could probably estimate the 
distance no less accurately than Columbus, for it must be 
remembered that at this time the method of estimating the 
speed of the ship by the " log ” had not been introduced, and 
that all estimates were entirely a matter of experience, depend- 
ing on knowledge of wind, current, and the sailing qualities of 
the ship ; an expmenced pilot could probably arrive at a fair 
estimate of the ship’s speed from the extent to which the sails 
filled. 

Nor does it seem likely that such an innocent subterfuge on 
Columbus's part would have gone far towards allaying the fears 
of the crews, who, according to one early account,* were so 
incensed against him that they wished to throw him overboard, 
and greatly resented the action of Ferdinand and Isabella of 
Spain in entrusting them to the care of such a man. So sullen 
and rebellious did the captains and crews prove, with their 
repeated cry of ” turn back to Spain,” that it must indeed have 
seemed to Columbus that Nature herself was taking sides 
against him when the behaviour of the needles so added to his 
duBculties. Surely he would gladly have forgone any addi- 
tional honour that might come to him as a result of this other, 
scientific, discovery. 

Yet, just as the new world which he discovered is named 
after another, so, by some strange chance, the name of Columbus 
is scarcely ever mentioned in connection with the discovery of 
magnetic variation in works produced before the banning of 
the nineteenth century. I have, in fact, met only one in which 
the discovery is ascribed to Columbus * ; in every other case it is 
some other name which is mentioned, most frequently that of 
Sebastian Cabot. This is difficult to account for, in view of the 
ffict that almost from the time of Columbus there has been a 
steadily growing body of purely Columban literature, made up 
of the various editions and translations of Columbus’s diaries 

*GoataloFanisadezdeOviddo7Valdto: L»HitU»riagmmatd$hu Initm 
(*5|3). l»ok II, tihap. 5. 

■V. A. Pormsleoai: Stusio fulls muUicu UHtica 4$' (Vmice, 

*7*3). 
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and letters, and of the accounts left by others who had first'^ 
hand knowledge of the voyages. These works range in date 
from 1555 to 1930, and it is safe to say that few, if any, of them 
omit to refer to the behaviour of the magnetic needles. I can- 
not say with certainty when Columbus’s diaries were first pub- 
lished ; but the text by Bartolom^ de las Casas,* who 
accompanied Columbus in 1493 on his second voyage, and who 
afterwards became known as the “ Apostle of the Indians,” 
dates from about the middle of the sixteenth century. The 
earliest published reference to Columbus’s observation of the 
variation that I have come across is to be found in a history of 
the Indies by the Spanish historian Oviedo,* published in 153$. 
Book II, chap. St 01 this work describes the voyage of 1492, and 
mentions the erratic behaviour of the needles which so alarmed 
the mariners shortly after the fleet left the Canary Islands. The 
p^sage in question is involved, and might very well be construed 
without any reference to “ needles ” at all, since Oviedo here 
uses the word ” aguajcs,” which might be taken either for 
“ agujas ” (needles) or for ” aguages ” (currents), the latter 
certainly fitting the context the better ; but chap. 1 1 , in 
which the subject of the variation is discussed, opens with a 
statement to the effect that ” it has already been mentioned in 
chap. 5 that the needles (agujas) proved unreliable,” and 
there is no other passage in the whole of chap. 5 to which this 
statement could refer. An Italian version of Oviedo’s Historia 
is included in Ramusio’s Voyages,* but here ” aguajes ” is ren- 
dered ” correnti ” (currents), while a French version « published 
in 1555 renders it ” agitations des eaues,” so that in neither of 
these works is there any mention of the needles in connection 
with Columbus. This omission, and the discussion on variation 
in chap. 1 1 of the Historia, are doubtless what led Fournier * to 
ascribe the discovery of variation to Oviedo himself, as it may 
reasonably be assumed that he used the French version. This, 

*BartoloaiS de Uw Casas: Diario del AlmiranU D. Christobel Cotdn 
(Santiago. 1864). 

* GcHDsalo Fernandes de Oviedo y Valdto : La Historia genmrat de las 

An version vas published in 1553 in a woric entitled, The Decades 

of the news worlds or weste India, eontaynyng the namgations and couqtsestes of 

Spae^ardes. Wrytten in the Latins totmge by Peter Martyr of Anglsria and 
t r o nu at ed into En^sshs by Richard Eden, Thu, however, seems to be based 
mote on an eariier work by Oviedo, the Snmmario de la natural hystoria de las 
inOat (1336), and contains no reference to tiie magnetic needles. 

* Giovanni Battista Ramusio : Naoigationi et viaggi (Venice, 1336), vol. 
Ill, fob 81. 

*}. Pi^ar; L’Histoire naturelle et gMratte des Jndes, TraduUte de 
Camitem en Fraufois (Faria, 1333). 

* Qeiocaes Founiier : Hydrtmaphie, eontenant La Thtorie et la Pratique de 
TomMi kt Parties de la HasAgation (Paris. 1643), book XI. p. 341. 
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tlien, is tise probable source of the statement, frequently met 
with, that O^edo discovered variation. Usually one finds the 
name of Sebastian Cabot coupled with that of Oviedo. As far 
as 1 have been able to discover, all claims made on behalf of 
Cabot rest ultimately on nothing more substantial than a state- 
ment, made by Livio Sanuto in his Geografia,' to the effect that 
he, Sanuto, had it from a fnend of his, Guido Gianneti ^ Fano, 
a man worthy of the highest esteem by reason of his learnii^, 
Uiat the Venetian, Sebastian Cabot, had discovered this great 
secret on his voyage to the Indies. And again, Fontenelle tells 
us ■ that : 

Le premier qui Fait public (*.«. la d^clinaison) a ^t^ 
Caboto, Navigateur V6nitien, en 1549. Mais M. Delisle a un 
Manuscrit d’un Pilote Dieppois nomm^ Crignon, qui est un 
Ouvrage dedi^ k I’Anriral Cluibot en 1534, et oh il est fait men- 
tion de la d^dinaison de I’Aiman.” 

And on the strength of this the unknown Crignon is hailed as 
the discoverer of variation. It does indeed seem remarkable 
that these few comparatively obscure passages, quoted and 
requoted, should have so successfully exduded Christopher 
Columbus from any credit in connection with the discovery of 
magnetic variation for the space of more than 300 years. 


3. Genoese and Flemish Compasses 

Valuable as are the diaries in establishing beyond all question 
the fact that Columbus did observe and record the variation of 
the compass in 1493, yet for our present purpose even more 
valuable is the account left by his son Fernando. The original 
Spanish text of this " life of his Father ” is apparently no 
Imiger extant, but it was fortunately translated into Italian by 
Alfonso de Ulloa in 1^71,* to be later retranslated into Spaniw 
by Gonzalez de Barcia in 1748.* Ulloa ’s Italian version was 

< M. Liylo Sanuto : Gtografia iisHnta m XII hbri, tie quaU, oltra Venphca- 
Horn H hnogki di Tolomto, $ Mia Biusola, s dtW AgugUa (Vanke, 1388), 
icAt 2 « 

* kittain da VAeaddmie RoyaU dat Sdances (1713), p. 18. 

*Uvderia dal S. D. Fanumdo Colombo, nett moH a’ha pmUcolara, a van 
r a l a kon o daUa vita a da’ fatti daU’ Atpm&aglto D. Ckriitoforo Cokmdto, ano 
padra : maovaoaanta di lingua Spagnuoh tradotta nOl’ JtaRana dal S. Alfanao 
Vtha (Vmke, 1371). 

* Gontalez de BarcUt : '* La Hiatorla del Almirante Don Christoval Cfanf* 
qne oompuao en CasteHano Don Fernando Colon, au hijo, y traduxo en 
Toacaao Alfonso de tJlloa, vuelta a tradudr en Castellano, por no paxecer el 
Wiglnal '* (Hiaoriadbras PrimMuoi da las Indias Otoidaidalaa, voL OCadrid, 
*74«). 
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traaslated into English by Churchill in 1732.^ It is interestir^ 
to see that a new Italian edition was published as recently as 
ipjo. Now the passages in Fernando’s account, which refer to 
the behaviour of the needles, mention several points of con> 
siderable interest which are not given in the dianes themselves. 
Thus, for September 13 and 17, 1492 : 

” On the 13th of September, he found that at night fall, the 
needle vaiy’d half a point towards the N.E., and at break of day, 
half a point more, by which he understood that the needle did 
not point at the north star, but at some other fix’d and visible 
point. This variation no man had observ’d before, and there- 
fore he had occasion to be surpriz’d at it, but he was more 
amaz’d the 3rd day after, when he was almost 100 leagues 
further ; for at night the needles vary’d about a point to the 
north east, and in the morning they pointed upon the star.” 

Churchill's Translation,* 

(Ulloa’s text of 1 571 requires ” invisible ” in place of " visible ” 
and " north-west ” for " north-east,”) 

We have here a definite statement that the variation altered 
with the position of the ship, and that a point was reached where 
it was nil ; and also a reasonable explanation of the phenomenon 
is put forward. 

The most significant passage, however, is to be found in the 
account of the return voyage on the completion of Columbus’s 
second visit to the Indies. As this passage is of considerable 
importance, I shall nve Ulloa’s Italian version as well as the 
translation ^ Churcmll. The extract, which refers to May 20, 
1496, when Columbus was in the neighbourhood of the Azores, 
runs : 

” Questa matina le aguglie Fiamin^e noruestavano, come 
sogliono, una quarta ; e le Genovesi, (me solevano conformarsi 
con quelle, non noruestavano se non poco : e per 1 ’a venire hanno 
a noruestare andando il Leste, che e segno, che ci ritroviano 
cento leghe, o alquanto piu all’ Occidente delle isole de gli 
Mtori : percdoche, quiando furono appunto cento, allhora era 
in mare poca herba di ramuscelli sparsi e le aguglie Fiaminghe 
noruestavano una quarta, e le Genovesi porcotevano la Tramon- 
tana ; e, (mando saremo piu al Leste nordeste, faranno alcuna 
cosa. II (me si verifico subito la Domenica sequente a’ XXII 
<li Maggio. Del quale indido, e dalla c^rtezza del suo punto 

* A. ft J. Churchill : The Life of Chriatopher Columbus, written by bis 
•oa {>. Fetoitieiul Columbus ” (C^nzchill's CoUtctkm of Voyagu, vol. II (1732)). 

* thU., ohep. 18, p. 524. 
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conobbe allhora, che si ritrovano cento leghe lontano dalle isole 
de gli Aston. Di che egli si maraviglia, et attribuisce la cagione 
alia differenza della Ouamita, con we si temperano le aguglie ; 
pemoche fino a quella linea tutte noruestano una quarta ; e 
quivi le une perseverano, e le altre, che sono le Genovesi, 
^rcuotono giustamente la Stella.” * 

Churchill’s translation is as follows : 

” This morning the Dutch compasses vary’d as they used to 
do, a point ; and those of Genoa, that used to agree with them, 
vaiy'd but a very little, but afterwards sailing east vary more, 
which is a sign we are a loo leagues, or somewhat more, west of 
the Azores ; for when we were just loo, there were but a few 
scatter’d weeds in the sea ; and the Dutch needles vary’d a 
point, those of Genoa cutting the north point ; and when we are 
somewhat farther E.N.E. they will alter again ; which was 
verified on Sunday following being the 22nd day of May ; by 
which and the exactness of his account, he found he was 100 
leagues from the islands Azores, which he was somewhat sur- 
priz’d at, and assigned this difference to the several sorts of 
load-stones the needles are made by ; for till they come to that 
longitude they all vary’d a point, and there some held it ; and 
those of Genoa exactly cut the north star.”* 

That there was by now no little curiosity as to what the 
needles were going to do is seen from the following passage, which 
refers to 1498, shortly after Columbus set out on lus third voyage : 

” He also says, that this same night, being Thursday the 
16th of August, the compasses which till now had not vary’d, 
did at this time, at least a point and a half, and some of them 
two points, wherein there could be no mistake, because several 
persons had always watched to observe it.” * 

(In both of these passages Chvirchill translates ” noruestear ” by 
” to vary,” instead of the more exact “ to vary to the north- 
west.”) 

The point of greatest interest in the first of these two 
passages is the reference to two distinct ]^pe8 of compass, the 
Genoese and the Flemish, the essential diligence between them 
being that the Flemish compasses pointed one quarter ( one 
point - iij®) west of north (i.a. N. by W.) when the Genoese 
pointed to the north. 

It is perhaps advisable at this stage to draw attention to the 

* UUoa : Histone del S. D. F, Colombo, chap. 64, fi. 14S-9. 

* Churchill : CMecHon of Voyages, voL II, chap. p. 580. 

* Jhid., chap. 73, p. 387. 
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essential difference which existed then, as now, between a 
mariners* compass and one intended for use on land ; and to 
indicate the manner in which either of these could be made to 
allow for a fixed magnetic variation. In the ordinary land 
compass the needle swings freely on a pivot in the centre of a 
circular compass card wmch is fixed to the base of the instru- 
ment : to allow for an easterly variation of 1 1 J®, it is only 
necessaiy to draw a line through the centre of the card at an 
an^e of iij“ to the east of north of the north-south line 
marked on the card. When the needle is directly over this 
auxilia^ line, the compass is correctly oriented with the north- 
south line pointing to the geographical pole. In the mariners’ 
compass, on the other hand, the compass card is attached to the 
magnetised needle, and swings with it, the needle bein^ hidden 
by the card ; the direction in which the ship is sailing is shown 
by the point of the compass card which comes beneath a fixed 
mark on the compass box, in line with the bows of the ship. 
With such a compass, allowance could be made for an easterly 
variation of 11 J® by fixing the compass card on to the needle in 
such a way that the points N. by E. and S. by W. are directly 
over the two ends of the needle. Then when the needle points 
to the magnetic pole, the fleur-de-lis marking the north will 
point to the geographical pole. If the ship is sailing true west, 
the needle and fleur-de-lis still point to the magnetic and geo- 
graphical poles respectively, but the point marked “ west ” 
on the compass card is in line with the bows of the ship. Such 
a compass will give true directions, provided only that the 
variation does not alter. 

Now there is convincing proof that mariners' compasses 
which allowed for variation in this way were in wide use at the 
end of the sixteenth century ; and were, in fact, known as 
Flemish (or Dutch) compasses, the others being known as 
Italian compasses. In 1595 the Dutchman, Willem Barentsz, 

f mblished a nautical chart of the Mediterranean Sea.* The maps, 
ike those in all nautical charts of this period, are crossed by a 
number of lines called " loxodromes ” (or rhumbs), the charts 
themselves being called " loxodromic charts." • These lines 
ra^ate from regularly spaced points, and were used for deter- 
mining directions. In Barentsz’s maps, when the area repre- 
sented is small, such as the part of the Mediterranean between 
the south coast of Spain and the coast of Afiica, the full comple- 
ment of lines is not given, the water region being crossed by a 

I Willem Barentsz; Description de la Mer MMilerranie (1599). (Dutch 
edition : CaerAoeh vande Mituandtsche Zee, 1595). 

* G. R. Putnam : Nautical Charts (1908), p. 7. The method of using these 
lines for navigation seems quite unkmwn. Feschel gives an account in his 
Dest Atlas des Andrea Bianeo, but it is entirely wrong. The lines will be 
dealt with in a subsequent paper. 
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single set of lines radiating from a conveniently placed point. 
Su^ a set consists of lines, corresponding to the 32 points of 
Uie compass. Now the interesting point about Barentsz’s chart 
for us is that some of these small-area maps show a second set 
of 32 lines radiating from another point some distance from the 
first, this second set being turned bodily through half a point 
( - 6®) through north to west (Fig. i ). The second set is 

FWTTn 
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Fig. 1. — ^Amngement of Italian and Dutch Compasses shown in Barentsx's Chart 
of Z599. The Dutch compass is turned 6^ through north to west, corriunponding 
to a magnetic variation of o** £. XY — position of the needle in the Dutch Compass, 
acy — positton of the needle in the Italian compass. Ihe port A is shown to be due 
(magnetic) nmth of B by the Italian compass, but 6^ east of (true) north by the 

Dutch compass. 

labelled ** Directorium nauticum vulgare. Gemeyn Duytsch 
Compas " ^rdinary Dutch compass), while the iBrst set is 
labeled “ Directonum nauticum Italicum. Italiaensdi Com- 
pas. " In the introductory matter at the beginning of the chart 
there is a ” warning to the reader,” which is so interesting that 
I propose to give it in full, especially as I have seen no reference 
to it in other articles on the Genoese and Flemish compasses. 
It runs : 

” Lecteur ami, vous debuez sea voir, que nous avons mis en 
aucunes des Cartes, comprinces en nostre livre, deux sortes de 
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Compas marins : nommement le Compas Flameng, et le Compas 
Italian, et ce pour la raison que ie vous vay dire. Tout F^ote, 
ou Navigant ayant la connoissance des Cartes marins, peult 
fadlement veoir et entendre, qu'en les cartes marins, faictes en 
Italic, les terres et pals ne sont pas raises soubz leur vraye et 
deue haulteur, ou elevation de Pole, lesquelles par tout sont 
raises aucunefois deux, aucunefois trois de^ez plus Septentrion- 
ales, auelles sont. Ce qui se voit en aucunes de leur cartes, ou 
la Ville de Venise se trouve raise soubz la haulteur de 48 
degrez, ou 48 degrez 30 rainut. Laquelle a la verity n’est que 
45 degrez 15 rainut, ou au plus 45 degrez et demy ; telleraent 

? ue la faulte est d 'environ trois de^ez : ce qu’a est6 par les 
ilotes et Navieurs Hollandois diligeraraent observe. Sem- 
blablement Genua s'y trouve raise soubz la haulteur de 46 degrez 
et demi, ou la vraye haulteur n’est que 44 degrez et demi, de 
sorte que la faulte est de deux degrez, et ainsi de tous autres 
costes et Capes ensuivantes. Ce qui advient par leur Compas 
de mer. Car en Italic I’aiguille ou acier du Compas se met 
droictement soubz la fleur de Lys, comme mesmes en Italie iay 
experiments : et nous aultres mettons I’aiguille ou ader une 
demy ligne ou plus vers I’Est, comme a tous est notoire. Ores 
a cause que les Italiens ordonnent, comme diet est, leur aiguille 
du Compas, aussi ont ils es [? en] Cartes Marines, mis les terres 
et costes scion leur Compas, sans prendre consideration aucune 
de la haulteur Polaire : ce qui est cause que les terres et places 
se monstrent trop Septentrionales, et de plus grande elevation, 
que le vraye requiert. Ce qui est a sesmerveiller, et fadlement 
se peult corriger : par ce que le temps y est ordinairement serein, 
et que les costes de la mer Mediterrane, et de Levant, si voient 
clairement, de maniere qu’on y peult fadlement mesurer la 
haulteur Polaire, et ainsi corriger leur Cartes marines. Neant- 
moins a cause que sur la mer Mediterrane I’air est tousiours 
serein, et que les terres sont de haulte assiete et situation, 
I’ltalien faict peu de compte de la haulteur du Pole. Car quant 
Pune terre se perd de veue, incontinent 1 'autre se decouvre et 
manifeste, tellement qu’il neglige de mesurer la haulteur du 
Pole, mais institue tousiours la navigation par les courses. 
Parquoy iay bien voulu advertir ceulx qui desirent hanter et 
naviguer la mer de Levant, d’en prendre bonne garde, veu qu’on 
ne scauroit iustement naviger la mer Mediterrane : sur la Carte 
Marine faicte en Italie, avec le Compas Hollandois, pour par- 
venir a la terre vers laquelle on cuideroit prendre son cours, a 
cause que la difference seroit bien d’une demy ligne, ou plus. 
Qu: prenes le cas que vous vouldries prendre vostre cours 
iustement a Pest, alors navigant par le mesme cours 40 lieues a 
Pest, vous dediner6s bien six lieues au sud, que ne cuidcr^s, 
pour la raison susditte. Plusieurs aultres raisons se pourroient 
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dciduire sur cette chose, lesquelles mettrons en oubly, par ce que 
nostre intention est de n'en parler plus amplement/’ » 

We have here a clear statement that in the Italian compasses 
the needle was placed directly underneath the fleur-de-lis 
marking the north, whereas in the Dutch compasses it was set 
half a point, or about 6®, to the east of north (the word ligne '' 
used m the text is equivalent to the point of English 
wHters, or the cuarta ** of the Spanish ; some modern German 
writers use the word “ Strich in the same way). 

The Dutch compasses, then, were at this time constructed so 
as to allow for a variation of 6® E, Fig. i may at first glance 

^ Translation , — Friend Reader, you must know that, on some of the 
maps included in our book, we have put two kinds of mariners* compass : 
namely, the Flemish compass and the Italian compass, and this for the 
reason that I am going to tell you. Every Pilot or Navigator who knows 
about mariners' charts will read^y see and understand that in the mariners* 
charts made in Italy, the lands and countries are not put down under their 
true and proper latitude or Polar Elevation, but are everywhere set sometimes 
two. sometimes three degrees farther north than they are. This is seen in 
some of their charts, where the City of Venice is shown in latitude 48 degrees, 
or 48 degrees 30 minutes. Whereas in reality it is not more than 45 degrees 
15 minutes, or at most 45 degrees and a half, so that the error is about three 
degrees, which has been carefully noticed by the Dutch Pilots and Navigators. 
Similarly. Genoa is there set down under latitude 46 degrees and a half, 
whereas the true latitude is only 44 degrees and a half, so that the error is 
about two degrees, and so for all other shores and headlands followiu. 

E ^oU , — ^In the list of courses from one Mediterranean port to another which 
included in the chart.] This comes about through their mariners' compass. 
For in Italy the needle or steel of the compass is set directly beneath the 
fleur-de-lis. as. in Italy. I have made trial [Note , — By removing the compass 
card and attsiched needle from the compass box] . and we others set the 
needle or steel a half-point or more towards the East, as is well-known to all. 
Now. because the Itauans arrange their compass needle as stated, they have 
also, in their mariners' charts, set down the lands and shores according to 
their compass, without taking the Polar Elevation into any account : tluii is 
why the luids and places are shown too far north and of higher latitude than 
is really the case. This is to be wondered at. and could easily be rectifled. 
since weather there is usually calm, and the shores of the Mediterranean 
and of the Levant are clearly visible, so that the Polar Elevation could easily 
be measured, and thus their nautical charts corrected. Nevertheless, because 
in the Mediterranean the air is alwa^ calm and the lands are hi^h. the Italian 
pays little attention to Polar Elevation. For when the one land is lost to view, 
fanmediately the other comes into view, so that he gives no thought to ^ 
Pdar Elevation, but always navigates by the rhumb lines. Wherefore I want 
to warn those who wish to frequent and navigate the Levant, to give heed to 
this, since one would not be able to navigate the Mediterranean correctly with 
a mariners' chart made in Italy, and a Dutch compass, so as to arrive at the 
land towards which one wish^ to sot one's course, because the diflerence 
would be quite half a point or more. For suppose you wished to set your 
course due East, then in sailing 40 leagues to the east on the same course, you 
would deviate quite six leagues farther south than you wish, for the reason 
given. Several other reasons could be given on this matter, but we will 
mve them, for it is not our intention to speak of it more fully." 
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appear to contradict this, since the fleur-de-lis in the Dutch 
compos is deflected to the mst ; this, of course, is as it should 
be : in the Dutch compasses the needle is to the east of north 
(indicated by the fleur-de-lis), so that the fleur-de-lis is always 
to the west of the position taken up by the needle, that is, a 
direction indicated by a Dutch compass would always appear 
to be half a point west through north of the same direction as 
indicated by an Italian compass, in which needle and fleur-de- 
lis coincide, since the needles are pointing in the same direction 
in each case. Thus, in Fig. i, the port A is magnetic north of 
the port B, since AB is parallel to xy, the position of the 
north-south line, and also of the needle, in the Italian 
compass ; the corresponding line in the Dutch compass is XY, 
which therefore marks the position of the needle, and also 
shows that the true bearing of A relative to B is half a point 
east of north. 

It has often been said * that the variation of the compass had 
not been observed by the Mediterranean navigators of Colum- 
bus’s time because the value in the Mediterranean was then 
very small. I do not know on what grounds the statement as 
to the value in the Mediterranean is based, but Georg Hartmann 
says • that he measured the variation at Rome early in the 
sixteenth century, and found it to be 6° E., not such a very 
small value. It seems to me that we have a more likely ex- 
planation in the statement by Barentsz, that the excellent 
visibility in the Mediterranean led the navigators to rely more 
on the compass and sight than on astronomical methods, so that 
the discrepancy between true directions and compass directions 
was not detected. That the Italians did not naturally turn to 
their astronomical instruments is borne out by the error of 3° 
or 3° in the latitudes of such places as Venice and Genoa, an 
error which, as Barentsz remarks, could so easily have been 
rectified (his own values for the latitudes of these two places are 
practically correct). On the other hand, the Flemish navigators, 
sailing in less kindly waters, may well have been compelled to 
rely more on their compasses and astronomical observations, and 
so detected the difference between true and magnetic bearings. 
It would seem reasonable, then, to look to the Flemings for the 
real discoverers of magnetic variation. 

Barentsz’s remarks also throw light on another matter which 
has proved rather puzzling. A careful comparison which I 
have made between an early fifteenth-century chart by Andrea 
Bianco and a modem atlas shows a consistent error of 5° to 6° 
West over the whole Mediterranean area : thus, on this chart, 

^ By G. R. Putnam, NauHcai Charts (1908), p. 7, and others. 

* Georg Hartmann : Neigung d$r Magnetnadsl (X344)> reprinted in Hell- 
mann'g Nsudrucke, No. 10 (1898). 
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the most westerly point of Cyprus is due north of the mid-point 
of the Nile Delta, whereas the correct bearing is 6® E. of N. ; 
and Arles, near Marseilles, is due north of the centre of Minorca, 
whereas it should be 5® E. of N.* This means that the chart is 
based on compass bearings made at a time when the variation 
was about 5® E., or perhaps based on an earlier chart made at 
such a time. In either case it was difficult to see how the use of 
such a chart in conjunction with true (astronomical) bearing 
could have failed to lead to the discovery of variation by this 
date (1436). For, as Barentsz says, the error, even in a short 
voyage, would be considerable. If, however, the Mediterranean 
mariners were in the habit of sailing entirely by compass until 
they came in sight of known landmarks, taking their bearings 
from the (magnetic) loxodromes (" navigation par les courses ’’), 
the difficulty disappears. It says much for the position held 
by the compass in the minds of these mariners that Columbus 
chose to weaken their faith in the stars rather than that they 
should lose their faith in the magnetic needles.* 

Retumii^ now to the account by Fernando Columbus, it is 
hardly possible to doubt that the Flemish and Genoese com- 
passes to which he refers were essentially the same as the Dutch 
and Italian compasses described by Barentsz ; that even at the 
time of Columbus the Flemings were using compasses which 
made due allowance for magnetic variation, a phenomenon 
which they must in that case already have known of for some 
considerable time. The very accounts of Columbus’s voyages 
seem therefore to contain strong evidence in favour of a Pre- 
Columban knowledge of variation. 

There are, it will be noticed, several inconsistencies in 
Fernando's account. For instance, how could it be that the 
Genoese and Flemish compasses had agreed up to a certain time 
and only then began to disagree 7 Surely, with the cards fixed 
differently to the needles, they must always have indicated 
ffifi^nt directions. And how was it that the disagreement was 
not noticed on the outgoing voyage of 1493 ? for 
matter, even before the time of Columbus ? On this last point, 

* Since making this comparison, I notice that Bertelli also draws attention 
to this 5* error. (Timoteo Bertelli ; Dechnanont vtagneitea t la sua variatione 
nttto ^atio scoperU da Cristoftro Colombo. Raccolta di document!, part 4, 
voi. 11, p. 49 (I 892 )* 

* I rmr to the extract from the Diary for September 17, given above. 
The explanation offered here, namely, that the needles still pointed north, 
bat the north star had moved, was probably given to restore the faith 
of the mariners in the needles. Columbus himself seems to have believed 
that the needles did notjpoint to the Pole star at all, but to some other fixed 
and invisible point." The reference in Fernando's account to the mode of 
paqwration with different kinds of lodestone applies, of course, to the differ- 
ence in behaviour of the Flemish and Genoese compasses. 
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probably Wolkenhauer's suggestion * is as good as any that can 
be offered : that this was the first occasion on whi(^ the two 
kinds were used side by side, and so comparison invited. These 
difficulties led Bertelli • to discredit the value of the account 
altogether as evidence of a pre-Columban knowledge of variation. 
He suggests that the Flemish compasses were badly made, and 
did erratic things which defy explanation. This idea hardly 
seems tenable, especially in the light of Barentsz’s chart, of 
which Bertelli may not have known. And surely it says much 
for the reputation enjoyed by the Flemish instruments that 
Columbus should have provided himself with some for the 
second voyage, for one can readily believe that in the interval 
between the two voyages he took care to secure the best 
instruments available, especially after his first experience (there 
is no mention of the Flemish compasses in the account of the 
first voyage). It must be remembered that Bertelli, writing 
for the fourth centenary of the discovery of America, is rather 
inclined to cast doubt on anything which points to a knowledge 
of variation before Columbus, to whom he would give the full 
credit for its discovery. Nothing, however, is to be gained here 
by entering into a discussion of the suggestions which have been 
made in the attempt to reconcile the conflicting statements in 
this account ; for us the central fact remains : the Flemings 
were, at the end of the fifteenth century as at the end of the 
sixteenth, constructing mariners' compasses in which the fleur- 
de-lis indicated a direction west by a definite amount of the 
direction indicated by the Mediterranean compasses. The only 
reasonable supposition is that this was a deliberate attempt to 
correct for an easterly variation of an equal amount, i point 
or iij®. 

One other point remains to be mentioned before leaving the 
subject of the Flemish compasses. It is accepted as one of the 
landmarks in the history of magnetic variation that Gellibrand 
chscovered, in the year 1635, that the variation changes with 
time. To quote his own words : 

" Thus hitherto (according to the Tenents of all our 
Magneticall Philosophers) we have supposed the variations of 
all particular places to continue one and the same : So that 
when a Seaman shall happly returne to a place where formerly 
he foimd the same variation, he may hence conclude, he is in the 
same former Longitude. For it is the Assertion of Mr. Dr. 

‘ August Wolkenhauer : " Beitrftge zur Geschichte der Kartographie und 
Mautik das 13 bis 17 Jahr." publi^ed in MitUUungtn der Geograpkiscke 
Gesettsehaft MUnehen, vol. I, heft z (1905), p. 161. 

* Tiffloteo Bertelli ; DecKruuione magnetica e la sua variaeione neUo spaeio 
eeoperte da Cristofero Colombo. Raccolta di documenti, part 4. vol. II (1893), 
PP- *6. 33 - 
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Gilberts. Variatio unicuiusq ; Lod constam est, that is to 
sajr, the same place doth alwayes retaine the same variation. 
Neither hath this Assertion (for ought I ever heard) been 
questioned by any man.” * 

Now if, at the close of the fifteenth century, the Flemings were 
making mariners’ compasses which allowed for a variation of 
1 1 i® E., and at the close of the sixteenth century were so making 
them as to allow for a variation of 6“ E., can we escape the 
conclusion that at some time during the course of the sixteenth 
century the Flemings found that the variation had changed, 
and altered their compasses accordingly ? 

3. German Pocket Sundials 

That the adjustment of the Flemish compasses corresponded 
to a variation of 1 1 E. is in itself significant, for this is the 
value which we should expect to find on the strength of the 
evidence which we have now to consider. This time we shall 
be concerned, not with the mariners' compass, but with the 
ordinary land compass, which, as already pointed out, could be 
quite easily corrected for a fixed variation by marking another 
line through the centre at an angle with the true north-south 
line, to indicate the magnetic north. Now the simple land 
compass is essentially an instrument for orienting stationary 
objects : it would soon prove impracticable for guiding a 
moving object on a course other than due north or south ; the 
modem service compass has to have a special arrangement so 
that it can be used for marching on a compass bearing. One is 
at first inclined to wonder what object in use by the landsman 
at this time could have required such careful orienting that 
allowance should be made for the variation of the needle. 
There is, however, one object which was in wide and everyday 
use at this time — ^the sundial. A large stationary sundial 
would, of course, probably be correctly oriented by reference 
to the position of the shadow at midday ; but at some time 
towards the middle of the fifteenth century there came into 
use in Germany a type of small portable sundial, which, 
owin^ to its convenient size, may be termed a ” pocket ” 
sundial. 

Now the construction of a portable sundial presents several 
difficulties : the whole instrument must be compact ; the 

S nomon for casting the shadow must be collapsible, so that it 
oes not get damaged ; it must be possible to orient the dial 
readily and accurately ; and, if it is intended for use in different 

‘ Henry Gellibrand : A Discourse Mathemaiwal on the VarsaHon of the 
MagnetiesM Needle (1635), pp. 6, 7. 
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cottkrtirieS) it must be possible to alter the an^le of the gnomon, 
!<»* ft sitndihl with ft fixed gnomon will only give correct time in 
the talatude for which it is made, since the angle of the gnomon 
must equal the latitude of the jplace where the dial is set up. 
The way in which all these difficulties were overcome by the 
medueval German craftsman is really a marvel of ingenuity ; as 
one might expect, since for nearly 200 years the centre of the 
industry was at NUrnberg, that home of mediseval craftsman> 
sffip and ingenuity. (How many know, I wonder,*'* that a 
NUmbei^ craftsman, Hanns Ehmann, who died in 1551, con- 
structed a combination lock which required no key, but opened 
for a given arrangement of numb^s or letters ?) 

B^ore going on to describe these pocket sundials, I should 
here mention the very fine collection in the possession of the 
British Museum (Department of Mediaeval Antiquities, Bay 
XI V).^ This collection includes no fewer than 19 German dials 
belonging to the second half of the sixteenth century and early 
seventeenth century, in addition to a large number of later date 
(dghteenth century), as well as several French dials by Dieppe 
makers of rather late date (early eighteenth century), and one 
by a Dutchman, which bears an inscription in English, and is 
dated. 1586. None of the German dials is of very early date, as 
are some in the possession of the German museums : the earliest 
at the British Museum is one by Georg Hartmann, and bears the 
date 1 562. All the best-known NUrnbeig and Augsburg makers 
are, however, represented : Hanns Troschel (father and son), 
Georg Hartmann, Paul Reinman, Christof Schuler, and others. 
Th.e accompanying Plate shows two examples of the work of 
Hans Troschel, that on the left being by the son. 

In size the sundials vary from 2 in. to 6 in. square ; some 
are slightly oblong ; some are round ; some of more ornamental 
sluqim. Tlie greater number are made of ivoiy, though many 
are gilt, beautifuHy engraved. Some of the gilt dials are very 
daborate, and are generally of later date. For our purpose the 
ivo^ dials are the more important, as they seem to be nearer in 
design to the very early specimens in the possession of the 
German mourns. A tyincsd ivory dial, such as the one shown 
on the left in the plate, consists of two flat pieces of ivory about 

i in. thick, hinged together at the back so as to open like a book. 

{nece of fine cord is attached to both base and cover midway 
from the sides and about half-way between the centre and front 
of such a length that when the cover is open as far as the 
permits, it is at right angles to the base. This string, 

wtalilMn toexpnn my appredaticm of the courtesy which the Depsrt- 
nsttt men d e d to me in sUowing the aundieb to be removed from the cases 
do me mtsminstion, and also of the care which tiie Photographic 
swpSf nimal took is pnpifiag the photos of these difficult subjects. 
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when esctfSMled, serves «s tl^ gamuxUt t)te angle between It ajsd 
the base being determined by the latitude for wlach the dial is 
intended. In some specimens the hours are miUrked on the 
base, in others on the cover. A circular, shallow cavity is 
carved out approidmately in the centre of the base ; in the 
centre of this cavity is a pivot suppcnting a compass nMdle, the 
floor of the cavity beii^ engra^^ eitner with a single line 
marking the north, or with two lines at right angles inmcating 
the four cardimd points : midday, midnight, sunrise, sunset. 
The cavity is inotected by a glass cover. We thus have a 
compact instrument ; a gnomon which is out of harm's way 
when the dial is not in use and one which could readily be 
replaced if needed ; and also a means of orienting the dial 
correctly. One very interesting specimen (Plate, right) has two 
lists of place-names marked on the cover, arranged so that two 
places with the same latitude stand side by side, with the 
number representing their common latitude between them : 
thus Venetig. 45. Meilant." A series of holes nearer the top 
of the cover is marked with the same numbers in the same order, 
with instructions to fix the one end of the thread in the hole 
bearing the number corresponding to the place where the 
user is at the time (“ den faden sitse in das Ibtzle deines landes 
polus hfihe ”). In this way the angle of the gnomon can be 
altered so as to give correct time in any of several different 
latitudes. 


Our interest, of course, centres on the compass. To give 
correct time the gnomon must be set in the true meridian, so 
that it is necessary that allowance be made for the variation 
cl the compass, or a considerable error will be introduced when 
the dial is oriented by the needle. And the specimens in the 
Irtish Museum do, almost without exception, make this 
allowance for variation, by marking the magnetic north instead 
of the true north. Most of the sixteenth-century dials indicate 
in this way a variation of 6° £., in agreement with the Dutdi 
oomposses of Barentsz’s time. In many cases there is a second 
fine, usually gilt, not black like the first line and other markings, 
corresponding to a much larger westeriy variation. This second 
line is obviously a much later addition. Both these lines can be 
seen in the two dials shown in the plate. 

It is not so surjaising that the dials in the British Museum 
Mimdd make allowance for variation in this way, since all of 
them are of lat«r date than the middle of the sixteenth century. 


eailieit of the three was discovered in the Museum Ferdinan^eum 
att InnsbrOdc, and bears the date 1451. It has been described 
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in (jNitail by G. Hellmann.* Of the other two, one is in the 
museuBi Bt Mtinchen, and bears the date 1456 ; wMle the other 
is in the National Museum at NQmberg, and, though undated, 
can be placed about 1470, as it is engraved with a portrait of 
Pope Paul II (1464^1). Both of these are described by 
Wolkenhauer.' In ea(^ of these three sundials there is a line 
dratm to the east of true north, just as in the British Museum 
specimens, but in each case the line here is one point to the east, 
in i^ireement with the Flemish compasses of Columbus's time. 


4. Etzlaub’s Road Map of Germany 


The fact that many of the sixteenth-century sundials are 
n^lced with a second line, evidently added later to adapt the 
dial to an altered variation, makes one think that the lines on 
these very early dials may also have been added some time after 
they were made, perhaps during the course of the first half of 
the sixteenth century. In the case of the InnsbrUck dial, 
Hellmann evidently took every care to satisfy himself that this 
was not the case •; yet even so, it would seem a difficult matter 
to decide with absolute certainty, after the lapse of over four 
(xntunes, that this line was indeed marked on the dial at the 
time it was made and not fifty or one hundred years later. 
That the v^ation indicated is one point, and not half a point, 
M in the middle sixteenth-century dials, shows that the Ime, if 
it is a later addition, was added at a time when the accepted 
variation was one point, that is, about the time of the Flemish 
oonmasses mentioned by Fernando Columbus. 

FOTtunately, however, there is definite evidence that these 
sunffials were beii^ constructed to allow for magnetic variation 
during the second half of the fifteenth century. Towards the 
end 01 the century road-maps of Germany, prraared by Erhard 
Etzlaub of NUmbei^, were being printed at Niimberg. There 
are, I believe, only six of these maps extant,* and one of them is 
m the British Museum.* The map is undated, but the 
^talogue places it about 1492, in close agreement with the dates 
nven by wolkenhauer for those in Germany.* Now at the foot 
OT the map there are instructions for orienting it correctly, and 
these instructions are accompanied by a figure which is seen to 


L. H i f i llm a nn : " Ober die Kenntnu der nwgnetischai DekUsatioa 

♦or GI^Mto|di Columbus," pubbshed in the M$t$orologiseh« Zttitokrifi, band 
*S PP> *45-9. The whole article deals with this sundial. 

» * WoUMohauer : " BeitrSfe zur Geschicbte der Kartcfraabie and 

* jts^a an 1 Clm die Ktmthiis itr ma^ieiitch»H DMinaHon, p. 146. 

. ^M>w a Btmub : Dm ist Mr Rom Wtg von mtyftn tn moyhn mit pnmctm 

•*'***’’* **'*** MntacM lonU (? *49*)’ 
p. 193. •Ibid. 
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represent nothing else than the base of a pocket sundial (Fig. 2). 
In fact, the terra " Compast," like the Latin “ Compassus,” 
seems to have been used at this time to denote a portable sundial 
rather than a “ compass " as now understood.'^ The important 
this^ a^ut this figure is that, like the early sundials described 

by Hellmann and Wolken- 
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hauer, it has an arrow placed 
one point to the east of true 
north.* That this line is not 
a later addition is shown by 
the text which accompanies 
the figure. On the one side 
we have an explanation of 
the use of the scale and of 
the different values of the 
mile in other countries. On 
the other we read : 

" Nach dem Compast zu 
wandern geschigt also. Den 
prief legt man nyder und 
setzt den compast mit der 
se3rten an eyn leysten oder 
gleich auf dissen Kompast 
und ruckt den prief pys die 
zungle gericht seyn so ligt der 
prief recht den last man ligen 
unverruckt und setzt dar nach 
den compast mit der seiten 
auf dye punt zweyer furgenu- 
men Stet und merkt wye dye 
zimg stee auf den acht teyl. 
Also stet sye auch wen man 
zwischen den selben zweyen 
steten wandert.”* 

* wrilmann ; " Die Anfftnge der magnetiscben Beobachtungen,’’ poUiahed 
in the Ztitsehrift dtr Gesettsckaft fUr Erdhunde, 88 (1S97), ii 3 - 

* Tlw figure, according to our ideas, is upside^own, the north being at the 
bottom : this is the usual arrangement in fifteenth* and aixteenth-oentury 
nuM Btzlanb's map shows Italy at the top of the map and Demnoark at tm 
bottom. I cannot recall any maps of this period which adopt our present 
metaod of patting the north at the top. 

>" To travel by the compass one proceeds thus. The chart is laid flat, and 
tan compass placed with its side along one edge or directly over this compass, 
and tiae (Aart turned till the needle flit. ‘ little tongue ') is in the right direction : 
tiM diart then properly set. It is allowed to lie undisturbed, and the com- 
passistimi jdaead with its side on the dots marking the two chcaen towns and 
tike petition of the needle noted on the dial {i.t. on the part marked with ^ 
hours). It occupies the same potition when one travels between these two 
towns." 


Flo. s.— Compass shown at the Foot 
of Etslaub’s Road Map of Germany 
(? 1493). (In Britkh Muwum) The 
sRow is set at an angle of to 
the east the (true) north-south line 
The map. like most fifteenth- and six- 
teenth<entnrr maps, is inverted accord- 
ing to our ideas, the north being at the 
bottom and the south at the top. Com- 
parison with tile plate will snow that 
thia figure represents nothing else but 
the base of a pocket sundial, in which 
the hinges wowd be at the lower edge 
and the string attached at the point 
sriien the Unea cross at the apex of the 
laiier circle. 
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The Eungle " referred to here is, of course, the needle of the 
compass used to orient the map, not the arrow shown in the 
fipire. In fact, the figure itself serves no useful purpose, and 
can only be intended to show the type of “ compass ” which 
Etzlaub has in mind. If the " variation line ” was added later, 
then the original figure was without a “ zungle," and so could 
not be called a compast ’* at all. It seems then that here, at 
any rate, we have convincing proof that pocket sundials with 
the arrow set 1 1 i® E. of N. were familiar objects in Germany 
before the time of Columbus. 

5. Bianco’s Nautical Chart of 1436 

No discussion of Pre-Columban variation would be complete 
without some reference to Bianco’s famous chart of 1436.* 
This chart was discovered about 1 780 in the Biblioteca Publica 
di San Marco at Venice by V. A. Formaleoni,* who wrote a small 
book on the subject.* The chart quite convinced Formaleoni 
that the Venetians had already discovered the variation of the 
compass at the beginning of the fifteenth century, and had 
devised a method for correcting their charts accordingly. 
Alexander von Humboldt accepted Formaleoni ’s conclusion, 
stating in the /Cosmos that magnetic variation is marked in 
Bianco’s chart.* Mottelay, in a passage • which is almost a 
word for word translation of the corresponding passage in the 
Kosmos, says that “ Andrea Bianco . . . published, in 1436, 
an atlas ei^biting charts of the magnetic variation.” As a 
result it is now frequently stated that Bianco’s maps mark 
variation. 

As a matter of fact, Formaleoni’s original statement is not 
based on Bianco’s maps at all — ^the only markings on the maps 
themselves are the ordinary rhumb lines — but on a v^ 
puzzling figure given on the page of instructions at the bemnning 
of the chart (Fig. 3) : a figure which has aroused so much interest 
and speculation that Bertelli is able to refer to it as ” this 
famous figure.” • Formaleoni takes the two points at the top 
of the circle to represent the geographical pole (right) and 
magnetic pole (left), and says that the %ure is intended to 
correct for a variation of 18® W. — ^why 18® it is impossible to 

‘ Facsimile deW Atlante di Andrea Bianco (published by Oscar Peacbel, 
Venice, 1869). 

* Giuseppe Toaldo ; Saggi di studj veneH (Venice, 1782), Saggio 3, p. 6i. 

* Vinoenso Antonio Formaleoni : Saggio suUa nantica anHca de‘ Venenani 
(Venice, 1783). 

* Alextteder von Humboldt : Kosmos (1845-62), vol. IV, p. 53. 

* F. F. Mottelay : Bibiiograpkical History of Eleciricity and Magnetism 
\* 9 **). p. 6e. 

* t, Begrtelll : DeeHsuutiona magnetica (189a), p. 88. 
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•ay, unless the Venetians vnrt also sujiposc^ to have known 
that tiusn was already an error of s* W. in Bianco’s imps * and 
so corrected for a total error of aa A figure such as this, 
however, could be taken to represent sJmost anything : ^ it 
would be as difficult to prove that it has nothing to do with 
variation as to prove that it has everything to do with it. I 

have myself discovered that it 
could quite well represent a 
variation of iii° E. 1 The 
method is slightly complicated, 
as it makes mil use of all the 
lines in the figure, but it does 
lead to the result that if you 
want to sail due west you must 
sail one point north of west by 
the compass 1 To me, the most 
serious objection (though no one 
has previously drawn attention 
to it) seems to be that to Bianco’s 
ideas the figure would be upside- 
down : in his time it would have 
been as instinctive to put the 
north poles, true and magnetic, 
at the bottom of the figure, as it 
would be for us to put them at 
the top ; in fact, side by side 
with this figure there is a compass-card, or ” windrose,” in which 
the north is shown at the bottom. 

The general conclusion at the present time is that the figure 
in question has nothing to do with variation, and t^t there is 
consequently nothing whatever in Bianco’s chart to point to a 
knowledge of the phenomenon on the part of the early 
Venetians. 


Fig. 3. — ^Figure shown on the page 
of InstrnctionB which forms the hist 
page of Bianco's Nautical Chart of 
1436* It is on the strength of this 
ifigim that it has bew asserted 
that Bianco's Chart marks magnetic 
variation. 


Conclusion 

It appears, then, that though Christopher Columbus was the 
first definitely to record an observation of the variation of t^ 
compass — an observation which, in the years that followed, led 
to a considerable amount of interest in the subject ; yet the 
phenomenon was already well known in northern Europe at 
this time, though apparently not to the Mediterranean navi- 
ntors. All the evidence which we have considered — -the 
Flemi^ compasses, the early German sundials, Etzlaub’s map — 
all these taken together show that from the middle of the 
fifteenth century until well into the siicteenth century a varia- 

' See above, p. 93. 
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tion of ii}** £. was accepted, and allowance made for it by the 
compass makers of Flanders and Germany. 

l^ether the real discoverer of variation will ever be known 
is a matter of some doubt. Did some Flemish navi^tor make 
the discovery and pass the knowledge on to the makers of the 
mariners' compasses, from whom it spread to the great 
mediseval centre of trade — NUmberg? Or did some early 
German craftsman, with a bent for astronomy, find that his 
sundials were not true, and so hit upon the cause ? It must be 
confessed that this latter idea makes a strong appeal, the more 
so as two outstanding names occur to one, as well worth bearing 
in mind in this connection : Purbach and his pupil Regiomon- 
tanus. Both of these were astronomers of repute. Purbach 
(1423-1461) left a manuscript of which the title alone is su^es- 
tive : " Compositio Compass! cum regulis ad omnia climata.” » 
Nothing seems to be known of the contents of this manuscript, 
but in all probability it dealt with the adjustment of the sun- 
dial (“ compassus ”) for different latitudes (" climata ”). Regio- 
montanus (1436-1476) was himself something of a compass- 
maker, and was probably the one who introduced the craft into 
NUmberg.* Purbach seems the more promising, as Regiomon- 
tanus was only fifteen at the time the Innsbrtick sunSal was 
made. But perhaps the line on this sundial was added later, 
after all 1 

> Hellmann ; Die Anfdnge der magnetischen Beobachtungen, p. 113. 

* Ibid. 



ON THE MEASUREMENT OF LOW 
TEMPERATURES 

By Dr. A. BIJL 
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Contents , — In the first v^ction the reader will find a general account of the 
methods used to determine low temperatures. The following paragraphs 
give these methods more in detail. Section 2 describes the cryostats ; sec^on 
3 the gas thermometer ; section 4 secondary thermometers, viz. the resistance 
^ermometer and the vapour-pressure thermometer. 

The special methods used in measuring the lowest temperatures are 
described in section 5. For the reader who is more interested in the subject, 
section 6 indicates a way to reduce temperature measurements to the thermo- 
dyxiamic scale. 


§ I. Introduction 

For the progress of physics in the last fifty years it has been 
of great importance that the temperature range below room 
temperature has been made approachable for exact physical 
research. After the fundamental work of Wroblewski and 
Olszewski, who liquefied oxygen and air, Dewar invented the 
vacuum vessel and succeeded in liquefying hydrogen. Mean> 
while Kamerlingh Onnes had taken up the systematical re- 
search of low temperatures. His attempts to liquefy helium 
succeeded, and so the last of the “ permanent ” gases had been 
conquered. 

These new temi}erature ranges once reached, methods for 
measuring them were required. Now one of the most simple 
demonstrations given with liquid air is the freezing of mercury. 
So it is clear that the mercury thermometer will no longer be 
useful ; at t- 39® C. mercury is solid. 

Our ordinary thermometers are based on the change of the 
volume of a liquid with temperature. This change of volume 
is shown as well by solids as by liquids, but with solids it cannot 
be measured exactly enough for temperature measurement. It 
was necessary therefore to look for another method. Such a 
method had already been realised in the gas thermometer. 

Ideal Gas Laws. Gas Thermometer . — ^The law of Boyle, that 
the product of pressure and volume of a gas is constant if the 
tempmture remains constant, was already long known. The 
behaviour of most gases, especially those that cannot be con- 

Z04 
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densed easily, agrees very well with this law. Gay-Lussac 
found another not less simple law. If the pressure of a gas is 
Iwpt constant, the change of the volume with the temperature 
is given by the law 

If the volume remains constant, the pressure is given by the 
relation 

[I +0,0 

According to the law of Boyle a, » a,. Now, the surprising 
result obtained by Gay-Lussac was that the value of o is the 

same for all gases, viz. If a gas obeys these laws it is 

called an ideal gas. 

So a quantity of gas can be used in two different ways as a 
thermometer. If the volume is kept constant one can measure 
the pressure at the temperature which it is desired to determine. 
In this case we have a constant-volume gas thermometer. If 
the pressure at o® C. is p„ and at another temperature the 
pressure is p, the temperature is calculated from the relation 


.l + LtL 

aPo a d po 


(«) 


Also a quantity of gas can be kept at a constant pressure 
and the temperature determined by measuring the volume. 
If the volume at o® C. is the temperature corresponding to a 
volume V is 


/ - 

aVt 

The thermometer used in this way is called a constant- 
pressure thermometer. 

The determination of temperature with the aid of a gas 
thermometer is only correct if the gas obeys the ideal gas 
laws. This condition is best satisfied if the density of the gas 
is vay pnall. In a constant-volume gas thermometer the 
density is always the same, but it is easily seen that in a 
constant-pressure gas thermometer the density of the gas will 
become ye^ large at low temperatures. As at a high density 
the deviations from the laws of Boyle and Gay-Lussac become 
perceptible, it appears that at low temperatures a thermometer 
of constant volume is to be preferred to a thermometer of 
constant pressure. As long as the coefficient o is the same, the 
temperature determined in this way is independent of the kind 
of gas used. If, however, the accuracy of the measurements is 
increased, the deviations from the ideal gas laws produce a per- 
oeptUide effect, and it does not remain mdifferent which gas b 
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used. A thotnometer filled with air will indicate a temperature 
somewhat different from that indicated by a thermometo’ filled 
with hydro^n or helium. So the question arises : Which ther- 
mometer mves the “ right ” temp^ture ? 

It has been a merit of Lord Kelvin to provide an answer to 
this question. He has shown how temperature may be defined 
in a manner which does not depend on the properties of any 
particular substance, e.g. of mercury, alcohol, or a gas. 

In § 6 is shown how this ideal temperature can be deduced 
by correcting with a small amount the temperature indicated 
by a gas thermometer. 

Substituting in formula (a) for o the value we have 

t “ 273 - 273- 

P» 

If the melting temperature of ice is not called o® but 273“, 
we have the so-called " Kelvin scale " (“ K.). Indicating the 
Kelvin temperature by T, we have T, — 273, and the above- 
mentioned formula turns into 

T-»73|,. 

So if we had a thermometer filled with an ideal gas the 

J tressiure would be directly proportional to the temperature, 
t is striking that the temperature T » o® is a very peculiar 
temperature. It is the temperature at which the ju^ssure of an 
ideal ^ becomes zero. 

It has been shown by several scholars that this temperature 
can never be reached. Therefore all the attempts to reach 
still lower temi>eratures have not been made to attain the 
absolute zero point, but have only been made to approach this 
temperature as nearly as possible. 

^eondary Thtrmonuters. — In the above it has been shown 
that the temperature may always be determined with the aid of 
a gas thermometer. At low temperatures the best thing will be 
to fill the thermometer with a gas which condenses at a tan- 
perature as low as possible. Hence at the present helium is 
used almost exclusively for this purpose. 

So it looks as if the problem of thermometry is solved with 
the construction of a gas thermometer by help of which suffi- 
cientfy acciuate measurements may be made. 

In one of the followin|; sections (§ 3I it will appear that 
accurate measurements with the gas thermometer demand 
much care. Hence it is of importance to be able to measure 
tempmture by simpler methods. At present there is no 
other instrument which entirely replaces the gas thermometer. 
Any other thermometer must be compared with the gas 
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thermometer in a more or less direct way. These calibrated 
thmnometers are called secondary thermometers. 

In the first place the so<called “ resistance thermometer " 
requires consideration as a secondary thermometer. As a rule 
the electrical resistance of a metal wire is strongly dependent on 
temperature. If one has a certain wire of which the resistance 
is known at each temperature, then one is able to deteimine the 
temp^ture of the wire by measuring its electrical resistance. 
In this article we shall not consider the methods which are used 
in determining the resistance.[i] 

Of course the wires that are used as thermometers must 
satisfy very high requirements as to durability. One will thus 
make use of the ^cious metals, of which platinum renders 
the best service. Thermometers constructed out of platinum 
may be used in the temperature range from — 260** C. up to 
660“ C. As mentioned, each thermometer should be compared 
with the gas thermometer. However, there exists a method 
which does not need this comparison through the whole range. 

The resistance of a wire may be represented in a formula 
as a function of the temperature. So in using a certain resist- 
ance thermometer, we may try to represent the temperature 
in a formula as a function of the resistance. Then the constants 
in this formula are determined by measurement of the resistance 
at some temperatures, which are reproduced easily (e.g. the 
freezing-point and the boiling-point of water, the freezing-point 
of mercury, etc.). In this way an accuracy sufficient for many 
purposes may be obtained. 

§ a. Cryostats 

It b not only of great importance that any desired tempera- 
ture may be attained, but for making accurate measurements 
at a certain temperature one must also be able to keep thb 
temperature constant for some time. This may, of course, 
be done in several ways. A short description of the methods 
nuMt used for this purpose in the Cryogenic Laboratory at 
Leiden will jfollow. 

At first we will give a review of the several liquids with the 
temperature ranges which may be obtained with the aid of each 
substance. 


Methylchloride fi'om 170° K. to 250° K. 

Ethylene 

Methane 

» »4o 

•> 90 

» 170 

„ 112 

ChQTgen 

„ 62 

„ 90 

Nitrogen 

,, 64 

» 77 

Hydrogen 

„ 10 

M *7 

Helium 

„ 0*8 

M 5 
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Fia. cryofUU, B, ttimr 

mor0A by a& lOactromagnet. W, 
Etdt t w tbamooneter. H, '* help 
oipilhoy." 


The range between hydrogen 
and oxygen is attunable by a 
cryMtat with heated vapour of 
hydrogen, the range between 
h«ium and hydrogen with the aid 
of vapour of helium. 

Liquid Cfyostat . — In Fig. i is 
shown a liquid cryostat. The 
vacuum vessel contains the liquid. 
As the pressure in the cryostat 
must be reduced in order to vary 
the temperature, the top of the 
Dewar flask is made air>tight by a 
metal cap with the aid of a rubber 
band. To reach a certain tempera- 
ture, the vapour is pumped away 
through the wide tube, which goes 
through the cap. 

In this tube is placed a valve. 
By opening this valve the pressure, 
and in consequence the tempera- 
ture, may be lowered. W is a re- 
sistance thermometer, which serves 
not only to measure the tempera- 
ture but also to keep it constant. 
If the temperature nses the resist- 
ance increases. Now the valve is 
opened wider — so the pressure and 
also the temperature are lowered 
again by a small amount. In this 
way it is possible to keep the 
temperature constant within o*oi 
of a degree. 

It is possible that the tempera- 
ture may not be uniform throughout 
the liquid, as the evaporation takes 
place almost entirely at the surface. 
Hence a stirrer, B, is used, which 
works like a pump, so that the 
liquid is kept m peimanent circu- 
lation. The stirrer is moved with 
the aid of an electro-magnet whidi 
draws a piece of soft iron up and 
down. If the cryostat contains 
liquid hydrogen, it is placed in 
another vacuum vessu, adiidi 
contains liquid air. This to pre- 
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vent h3r(ibt)geii from evaporatix^ too quickly. The helium 
cryostat is surrounded by two of these vessels. The ixmer 
contains liquid hydrogen, the outer liquid air. 

Vapour Cryostat . — ^The vapour cryostat consists of two 
vacuum vessels. The first contains the liquid. This liquid 
is quickly evaporated, and the vapour is led into the second 
vacuum vessel. 

By means of a heating coil the vapour b brought to the 
required temperature. It then passes mto the experimenting 
chamber which has been placed in the same vacuum vessel. 
The regulation of the temperature occurs automatically. For 
this purpose a small gas thermometer is placed in the apparatus. 
If the temperature of the inflowing vapour is too high, the 
pressure in the gas thermometer increases. By this a mercury 
meniscus is moved, and so the heating current is switched off. 
The temperature now falls, the electrical current is switched on 
again, and the vapour is heated as before. 

A cryostat, as described, may in principle be used with any 
liquid. At Leiden the hydrogen-vapour cryostat was often 
used. It gives a constancy of temperature of 0*02 of a degree. 
Further there is no difficulty in using this method for the 
helium-vapour cryostat, except that considerable quantities of 
liquid hehum are needed, which make the method not very 
economical. 

Hence we try to reach this temperature range in another 
way. 

For particular purposes other types of cryostats are often 
used. 


§ 3. The Gas Thermometer 

The gas thermometer is used in many different models. In 
this artide we shall confine ourselves to a description of a gas 
thermometer espedally adapted to the measurement of low 
temperatures, used at Leiden in the Cryogenic Laboratory .[3] 

In the introduction it was stated that the gas thermometer 
with constant pressure is not suited for low-temperature 
measurement, the density of the gas increasing more and more 
at low temperatures. Now it is not possible to construct a 
thermometer with a volume always remaining the same. In 
the first place, there will be no reservoir that does not alter its 
volume with temperature. 

Moreover, for measuring the pressure it will be difficult to 
avoid that part of the volwne — of course as little as possible — 
IS at room temperature. 

A view of the gas thermometer is given in Fig. 2. The bulb 
T is placed in the space of which the temperature is to be deter- 
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Tte connection of the bulb and the mantmeter is fanned by 
a glass capillary about 50 cm. long, in which the transition of 
the low temperature to room temperature takes place ; and 
further by a steel capillary. By this capillary the bulb is freely 

movable. 



Fm. thtrmomst^r T, 

bulb oi thd thmaometer con- 
««cted to the manometer with 
m gkee ctpiUery, followed by a 
•tael capifiarv. B. steel point 
lor tile adinstment of the 
aMicary meniecttt. D, mercury 
reservoir. 


In the short leg of the manometer 
is put a steel point, B. At the 
measurement the mercury is brought 
near to this point by means of the 
movable mercury reservoir, D. The 
different tubes between D and the 
manometer are constructed so that 
the air the mercury may take with 
it is prevented from entering the 
reservoir. 

The space above the mercury in 
the long leg of the manometer is 
evacuated. For measuring higher 
pressures, however, it is connected 
to a barometer. 

For the determination of a tem- 
perature we must know: fi) the 
pressure of the gas, and (2) the 
volumes and temperatures of those 
parts of the gas that are not in the 
bulb (the noxious volume). 

The height of the mercuiy column 
in the manometer is determined with 
the aid of a cathetometer or a com- 
parator. To this value of the pressure 
several corrections must be applied. 
The density of the mercury must 
always be reduced to the density at 
o" C. So we have to know the tem- 
perature of the mercury. Also the 
corrections for the capillaiy de- 
pression of the mercury menisa must 
be known. 

In the second place the tempera- 
ture of the steel capillary and of the 
volume at B must be detemdned. 
The corresponding volumes are 


measured beforehand. The volume of the mercury menisctn 
is derived from a formula. It is more difficult to determine 


the temperature of the glass capillary. This is made posrible 
by an invention of Qiappuis. Next to the glass capillai;^ 
a l^ass tube is mounted, filled with gas, whose pressure is 
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measured. In the cryostat of Fig. i such a “ help capillary " 
is shown. The mean temperature of this tube, the pressure 
being is calculated from — 


/- 


ap. 


Finally the volume of the reservoir at the temperature /® is 
not the same as at o“ C. This for two reasons — the pressures in 
and outside the thermometer have changed, and hence the 
reservoir will be compressed or dilated. This elastic change 
will only give very small corrections. The more important 
cause is the thermal expansion of the reservoir. 

Generally the reservoir is made of glass. For most sorts of 
glass used for this purpose the thermal expansion coefficient is 
already khown. Difficulties arise, because glass is not always 
an absolutely defined substance. Samples of the same sort of 
glass, prepared in a different way, often show differences in 
expansion coefficient.[4] 

Calculation of the Corrected Pressure . — As the pressure of the 
gas thermometer, we will take the pressure the gas would have 
if all the gas were in the bulb, the bulb itself having the same 
volume as at o® C. This pressure may be calculated in two 
steps. First we calculate the volume the gas would have if 
all Its parts were brought at the temperature of the bulb, while 
the pressure remains constant. This may be done with the aid 
of the law of Gay Lussac. In the second place we compress 
this volume till it has reached the value V«, the volume of the 
bulb at o®C. The pressure obtained in this way we call p. 
When the pressure at o® C., determined in the same way, is p„ 
the temperature is derived from 


i 


op, ' 


where a is the mean pressure coefficient of the gas between 
o® C. and loo® C. 

- « P m ~ h 

loop. * 

Accuracy of the Gas Thermometer . — ^The accuracy of the gas 
thermometer is limited by the accuracy of the determination of 
the pressure and the uncertainty in the noxious volume and the 
thertnal expansion. When the pressime is read with a catheto- 
UMter m a comparator, the error may be about ooa or o-oi mm. 
The relative error could be made very small by taking the zero* 
point pressure sufficiently high, but it is not easily possible 
to determine with these instruments pressures much above 
t|poo mm. mercury. If this pressure is chosen, a change of one 
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degree in the temperature gives a corresponding variation in the 
h 4 II pressure of 3*6 mm. 

. rt |] The accuracy of 

*■” iiV% II . .j I the conections for 

the noxious volume 
is determined by 
the accuracy with 
which the ratio of 

^ (v» -> noxious 

volume) is known. 
Moreover, the in- 
fluence of these 
corrections is much 
more at higher tem- 

g eratures, and at 
ydrogen tempera- 
tures it may almost 
be neglected. 

I ssassJk&san I S Though the volumes 

\ f t capillary, 

9 etc., are known wdl 

D 1 enough, the volume 

I K at B is .different at 

JL-— 3 - K . measurement, 

"* "nsB— I n P h and cannot be de- 
termined exactly. 
If the volume of the 
reservoir is about 
100 C.C., an error of 
3 c.mm. in the «w 
will give an error 
in the determina- 
tion of temperature 
of 0*01 ®. This ac- 
curacy might be 
increased by in- 
creasing the volume 
V«, but in that oue 
it becomes difficidt 
to have always a 
uniform tempera- 
ture around the 
reservoir. 

A determinatiion 
« a can be carried out with each separate thermometer. At 
fosnperatures above o* C., however, the influence of ti» nomous 




-W 


Pw. 3.— Gat tharmomatar uttd for mtasuring thtrmal 
oaaitiaMty. w. tod of which the conducunty is to 
bikttmmxrtd, 1C balb of tha thomom^ter Ct« hooting 
eoil. t, tube connoctod to a vacaum pump. 
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volume increases very much. So these determinations need 
many precautions. 

At lower temperatures, on the other hand, this correction 
becomes very small, and the accuracy is only limited by the 
errore in the pressure. The value of o, and the thermal ex- 
pansion of the glass once known, an accuracy of 0*01° in 
temperature determination may be reached. 

Other Forms of the Gas Thermometer . — The gas thermometer 
as described here is oidy used for testing secondary thermometers, 
the accurate determinations of boiling-points, etc. Especially 
at lower temperatures it becomes possible to use thermometers 
with a small reservoir, without any loss of accuracy, as the errors 
caused by the noxious volume have only a small influence. 

Fig 3 represents an apparatus used for measuring the 
thermal conductivity of a rod, W.[s] In the evacuated chamber 
is a heating coil and a gas thermometer. The temperature of 
the upper end of the rod is determined with the gas thermo- 
meter, whose volume is only a few c.c, ; the lower end is at the 
tem^rature of the bath. 

For the calculation of the temperature from the pressure, p, 
would be wanted. It is possible, however, to take the boiling- 
point of helium (4*2“ K.) or of hydrogen (20'4® K.) as a basic 
point. 

§4. Secondary Thermometers 

We have mentioned already the possibility of measuring 
the teinperature in a more indirect way. Once it is known how 
the resistance of a metal wire, the vapour pressure of a liquid, 
etc., depend on temperature, one may use the measurement of 
these quantities to determine the temperature. Such indirect 
thermometers are called secondary thermometers. Especially 
at low temperatures, the resistance thermometer and the vapour- 
pressure thermometer are used. 

Resistance Thermometers . — ^The resistance of most of the 
pure metals depends rather in the same way on temperature, 
as is shown in Fig. 4. ^ At room temperature and lower the 
re^tance is almost a linear function of the temperature, but 
rtill lower, the curve becomes more and more horizontal. 
Below the temperatures that are obtainable with liquid hydro- 
gen (10® K.), the resistance becomes practically constant. At 
these tempmturre a resistance thermometer is no loi^;er 
aewul ; small yamtioM in temperature will no longer cause 
Kieastuable variations in the resistance. 

A11o 3^ often show quite different resistance temperature 
®wrve8. At the lowest temperatures some alloys can be used as 
**wrtanoe thermometors (cy. § 5). 

Hie metals which are used for resistance thermometers are 

• 
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Iklatmum, gtdd, and lead. Th^ do not change under infiuenoe 
of air or humidity, and can be produced rather purCk 

Even if the wire is not subject to external influence, there 
may internal causes which produce chai^ in its resUtanc^ 
A metal is composed of very small crystals, and the size imd 
shape of these crystals have a considerable effect on the resist- 
ance of the metal when a stable arrangement of the ayst^s 
is attained ; a change in temperature or a tension in the wire 



Fra. 4.'-Re(i«tMtce j of copper, iron, tin, and manganin aa a function of the 
temperatnra. The resistance of the metal is divided bjr its resistance at o* C. 


may cause alterations in them, and so in the resistance. For 
instance, the resistance of a wire of mercury enclosed in a glass 
capillary was measured. Every time the mercury was re- 
solidified it showed another resistance, caused by a different 
arrangement of the crystals. 

The preparation of pure and constant resistance wires has 
best succeeded with platinum, though even here the variatiotts 
have not disappeared entirely. Howevo:, some renstance 
thermometers have been constructed whose resistance at o* C. 

has remained constant for several years within of its 

iS/xx) 

value. 
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^ Cona^ructioH of the Resistance Thermometer, — ^The wire is 
coiled up on a grooved porcelain tube or on a mica cross. It 
must be absolutely free from tensions, not only at room tem- 
peratures, but also at lower ones, when the wire contracts more 
than the tube. 

To reach a stable crystallisation of the wire, the whole 
thermometer must be annealed for some horns at a temperature 
of about 800® C. So will the wire adapt itself to its new shape. 

The resistance thermometer has, in many cases, advantages 
over the gas thermometer. Small temperature differences may 
be determined with it even more accurately. Moreover, it 
follows rather quickly the variations in temperature of the 
bath, and by its small dimensions it can easily be mounted in 
small cryostats. The gas thermometer requires much more 
space and more precautions during the measurement. 

Testing of the Resistance Thermometer . — ^The usefulness of 
the resistance thermometer would be very much increased if 
it were possible to prepare wires of an absolutely pure metal 
crystallised in a knovm way. In that case it would be suffident 
to determine the resistance of one of these wires as a function of 
the temperature, knowing it then for all the others. Unfor- 
tunately, very small impurities in a metal can cause a consider- 
able increase of the resistance. It is therefore necessary to 
determine the resistance-temperature curve for each thermo- 
meter separately. These determinations are made with the aid 
of a gas thermometer, measuring at each temperature the 
corresponding resistance, with intervals of some degrees, through 
the whole range. 

When tl^ comparison must be carried out with much 
accuracy it is a long and rather difficult task ; and espedally 
for tl^e laboratories which are not adapted for exact deter- 
minations with the gas thermometer this is a serious difficulty. 

The differences shown by the resistance curves of several 
platinum thermometers are not quite irregular. So we can 
hope that these deviations may be characterised by a few 
constants. In that case it would suffice to determine the 
resistance at a few temperatures that can easily be reproduced, 
and to calculate from these values the constants that fix the 
resistance curve of the thermometer. 

International Temperature Scale [6]. — ^According to measure- 
nients of Callendar, the resistance of a platinum wire can be 
represented from o® up to 660® C. by the formula 

R#“*R*(i + o/ + bfi). 

(Ri •■resistance at <® C., R* resistance at o® C.) The constants 
a wd i n»y be calculated by measuring the resistance at the 
DWing-^iomt of water and at the boiling-point of sulphur 
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(444.60* C). F«r loivttr tamwnitures a formtila of tbb ftani 
no longer gives a good result ; o* C. to «.* 190* C. vw can 

5 f to rqvesent the experimental results by adding the term 
i •> 100)*. The constant c, again, may be determined by 

measuring the resistance at the 
boiling-point of oxygen (- 183*97“ 
C). Before such a formula can ^ 
applied to each thermometer, it 
must be tested several times with 
different thermometers. The first 
results of this testing appeared to 
be sufficiently encouraging to define 
the " international temperature 
scale ” with the aid of the resist- 
ance of a thermometer made from 
sufficiently pm-e platinum. So if 
one has determined in the above- 
mentioned formula of Callendar 
the constants a and b, by 
measuring the resistance of the 
thermometer at the melting-point 
of ice, the boiling-point of water, 
and the boiling-point of sulphur, 
and also the constant c with the 
aid of the boiling-point of oxygen, 
this formula will give the tern* 
perature on the international 
scale. 

TWs scale, however, does not 
permit of the same precision as 
direct determinations with the gas 
thermometer. If the temperature 
is calculated from the resistance, 
it may differ 0*05“ from the tem- 
perature measured directly.[7] 
Although these deviations give a 
warning that thb procedure is not 
yet developed sufficiently well to 
serve as a fundamental temperature 
scale, this simple method of tem- 
perature determination may be useful in many cases. 

Particular Constructions of the Resistance Thermometer , — 
Not only does the resistance thermometer render good service 
injfetermining the temperature of liquid baths, but it is also 
posrible to use it for special purposes, by its veiy simple form. 
As u example, in Fig. s is given a modd of a calorimeter used 
for determinations of the specific heat of solids. The block B, 



Fio. 5 . — thtrmonuUr 
u$$dform»asuringhMitc«p»eik»t. 
B, block ot Wfaidt the heat 
capacity it to be measured. At, 
nsiatanoe thermometer mounted 
on a mi ca blade M, A|, heatinK 
coU. 
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wlKne heat capacity is to be measured, is suspended in a space 
can be evacuated, and so the 
block is insulated. The increase of 
temperature, obtained by putting a 
current through the heating coil A^, 
is measured vath the resistance 
thermometer Ai, whose dimensions 
amount only to t *5 cm. Of course 
the conducting wires to the thermo- 
meter must be insulated from the 
metal. Therefore these wires are 
fused in glass tubes, which are 
a^n fastened to the calorimeter 
with sealing-wax. If the space M is 
filled with a small quantity of 
helium gas, one may be sure that 
the thermometer indicates the 
temperature of the block quickly 
enough. 

Vapour-pressure Thermometers . — 

The vapour pressure of a substance 
may often be used for determining 
the temperature. The advantage of 
this method is that it is quite 
reproducible, if only sufficiently 
pure substances are available. ^ 
one does not depend, as in resistance 
thermometry, on all kinds of in- 
fluences which change the resistance 
and cannot easily be controlled. 

Hie vapour-pressure thermo- 
meter is only useful over a rather 
small range ; for instance, the vapour 
pr^ure of hydrogen is easily deter- 
mined only from 20® K. to ii® K. 

At higher temperatures the vapour 

I iressure increases v^ rapidly ; at 
ower temperatures it becomes too 
small to he easily measured. A 
vapour-pressure thermometer of the 
used at Leiden is shown in 
Fig. 6. It consists of a small bulb 
connected with a copper capillary 
to the manometer tube. The bulb 
is filled through the tube t, and at 
coom temjMrature the gas is also in the wider part of the 
tube m. When making a measurement the gas is compressed 



Fio. 6. — Vapour-fr$ssur$tk0mo^ 
meter, a. small bulb containing 
the hquid e and /, tubes ol 
copper and glass, surrounding 
the capillary b m, short and 
long legs of the manometer. 
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by the mercury until it condenses in the reservoir a. The 
reservoir, vuth a part of the glass tube, is in the liquid bath. 
As it is possible that by the evaporating of the liquid the upper 
layer is the coldest, the tube may not be in direct contact 
with tWs layer. Therefore the tube is first surrounded by 
copper, and this copp^ tube again by a glass tube closed at 
the upper end. In this way the coldest place of the tube is 
at the lowest end, and so the gas will condense there. To 
prevent the radiation from above affecting the reservoir, the 
tube is bent near the reservoir. 

Especially for reproducing some fixed temperatures the 
vapour-pressure thermometer renders good service. As for 
instance, for the boiling-points of oxygen and hydrogen. In 
cryostats with liquids it is often possible to determine the 
temperature directly from the pressure of the bath. 

{ 5. Temperatures Obtainable with Liquid Helium 

Kamerlingh Oimes succeeded in liquefying helium on July 
10, 1908. This was of course of gi^t importance for the 
Leiden Oyogenic Laboratory, for an extraordinarily interesting 
temperature range became approachable for measurements. 

A short time thereafter a temperature of i'is®K. was 
reaped by rapidly pumping away the vapour above the liquid 
helium. The corresponmng vapour pressure was about 0*2 mm. 

In 1921 Kamerlingh Onnes made an attempt to obtain still 
lower temperatures.[8] For this purpose a spedally con- 
structed small Dewar glass was used which had a volume of 
only a few c.c. In order to reduce the heat, conveyed to the 
evaporating helium, as much as possible, the small Dewar gl^ 
was placed in a surrounding Dewar glass, which was also filled 
with liquid helium. 

The vapour above the liquid in the small Dewar glass was 
pumped awajr by a complex of eighteen Langmuir condensa- 
tion pumps with which the vapour pressure could be reduced to 
about 0*02 mm. A provisional determination of the tempmture 
carresponding to tms pressure made by extrapolating the 
vapour-pressure curve of liauid helium. In tl^ way the 
lowest temperature obtained was determined to be about 
0*82” K. Even at this temperature the liquid helium did not 
become solid.* 

TkMrnumuiry . — In a former section it was shown how the 
temperature could be determined by means of a gas thermo- 
meto*. 

* On February 17, 193a, a still lower temperature was reached. Prof, 
succeeded in obtaining a temperature of o^i** K. in 5 c.c. of helium. 
The hnWMt pressure of the hehum was 0^36 mm. 
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Therefore measurements of temperature in this ra^ must 
also 1^ made with this thermometer filled with helium gas. 
Now several difficulties arise. To prevent the gas in the 
thermometer from showing large deviations from the ideal gas 
law, the pressure must be very small. At this low pressure a 
phenomenon makes its appearance, which gives rue to very large 
corrections in the pressure measurements. This phenomenon 
is the thermomolecular pressure difference. 

The Thermomolecular Pressure Difference [9]. — If the ends 
of a tube, filled with gas, differ in temperature, there can, in the 
case of equilibrium, also be a pressure difference between those 
ends. This pressure difference depends very much on the 
ratio of the diameter of the tube R to the mean free path of the 
gas molecules X. 

Two limiting cases are possible. If px and pt are the 
pressures, Ti and T| the temperatures at the different ends of 
the tube, we have — 

(2) ifR»A 

For intermediate cases a more complicated formula can be 
derived (see Communications of the Physical Laboratory, Leiden, 
No. 147A). This formula contains some constants which could 
not be derived theoretically. It was brought into agreement 
with the experiments by measurements at the boiling-points of 
liquid oxyMn, 90* 1 2 "K., and of liquid hydrogen, 20'33‘’K. Then 
it was applied to the measurements at the lowest temperatures. 

The Hot-wire Manometer. — ^As the pressure in the gas 
thermometer is very low, a mercury manometer cannot be 
used for measuring the pressure. An apparatus which is 
suitable for the measurement of low pressures is the hot-wire 
manometer. It consists of a thin metal wire which is stretched 
in a reservoir. The wire is heated by an electrical current. 
The heat developed by the current is transported by the gas to 
the walls of the tube, which are kept at a constant temperature. 
Now, for small pressures the thermal conductivity of the gas is 
proportional to its pressure. Hence the current needed to heat 
the wire up to a fixed tempmiture must be larger if the 
pressure of the gas is larger. So the pressure can be measured 
by determinii^ the electrical current in the wire. The tempera- 
ture of the wire is fixed by measuring the electrical resistance. 
Of course this manometer must be calibrated beforehand at 
known pressures. 

Vaf^r-presaure Curve of Helium, — k. convenient way to 
measure the temperature of a helium bath is to determine the 
▼kpour pressure. 
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Fia. vapour-pressure of heltum. Thi and 

TAf gas thermometer bulbs, connected with the 
manometem Mai and Mog. V,, vapour- 
presaure thermometer, connected with the hot-wire 
manometer Mog. Sg, filling tube of the helium 
flask* The upper e^ of this flask is connected 
wil^ the pump. 


From this the 
temperature may be 
derived if the relation 
connecting vapour 
pressure and tern* 
perature is known. 
For determining 
the vapour-pressure 
curve, measurements 
with a gas thermo- 
meter are necessary. 
To contain the neces- 
sary measuring ap- 
paratus the cryostat 
must have a volume 
of about 300 c.c. To 
reach the tempera- 
tures below I ® K., it is 
necessary to employ a 
pump with a great 
capacity. For this 
purpose two very large 
diffusion pumps were 
specially constructed. 
If connected in 
parallel, they have an 
exhaust capacity of 
675 litres of helium 
per second. Makii^ 
use of these pumps, it 
was possible to obtain 
in the already men- 
tioned space of about 
300 C.C., a tempera- 
ture of about 0*85“ K. 

Fig. 7 gives a de- 
tailed review of the 
apparatus with which 
measurements of the 
vapour-pressure curve 
have been made, [xoj 
The helium cryostat 
is placed in a Dewar 
glass with liquid 
hydrogen. In its turn 
this vessd is sur- 
rounded by another 
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filled with liquid air. TAi and Tkt are the reservoirs of two 
thermometers filled with helium gas. Th, is the tube of the 
" help capillary," which serves to determine the corrections for 
the noxious volume of the gas thermometer. Tm is an open 
tube reaching into the liquid. Vp is the reservoir of a vapour- 
pressure apparatus. 

Tki, Tht, TA„ and Vp are separately connected with hot-wire 
manometers (Mcxi, Mat, Ma,, and Mni). These manometers are 
kept at a constant temperature by placing them in a Dewar 
flask fflled with melting ice. The top of the helium cryostat is 
connected directly with the large-diffusion pumps . By means of 
the tubes Si and S* the cryostat can be filled with liquid helium. 
This is the apparatus with which the temperature measurements 
have been made.[i i] 

The vapour pressures were determined in the tube Tu and 
in the vapour-pressure apparatus, which was half filled with 
liquid helium. 

It appeared that, at the lowest temperatures, the pressure 
measured in T« was lower than that measured in Vp. Irobably 
this difference was caused by the fact that, in spite of per- 
manent stirring the uppermost layer of the liquid, in conse- 
quence of the quick evaporation, had a somewhat lower 
temperature than that measured by the two thermometers. 
Moreover, it is clear that at low pressures the hydrostatic 
pressure ^fference produces an appreciable effect. 

Several corrections had to be applied to the measurements. 
The most important was the correction for the thermomolecular 
pressure difference. It was calculated by means of the formula 
already mentioned. The corrections on account of the devia- 
tions of helium from the ideal gas law amounted at the utmost 
to only one in one thousand and so could be neglected. 

Seamdaty ThermonteUrs [i 2 ]. — ^The platinum resistance ther- 
mometer, which renders excellent services as a secondary 
thermometer in a wide temperature range, cannot be used at the 
temperatures of liquid helium, as in tlas range the resistance 
of platinum remains practically constant. However, it is of 
importance to be able to measure the temperature with a 
«reft8tance thermometer. 

At the outset wires of constantan and manganin were used 
for this purpose. In this temperature range these alloys have 
a sufficient change in resistance to be used for thermometric 
measurements. In a magnetic field, however, their resistance 
shows a relatively large change. This change does not entirely 
disappear if the magnetic field is switched off. 

For that reason the resistances of several metals and alloys 
W(m oxamined. It appeared that phosphor-bronze was very 
•uitable for use as a secondary thermometer. The temperature 
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coeffident of the resistanoe was about fifty-five times as iaige as 
for oonstantan. Moreover, the resistance depends in a neaiiy 
Hnear way on the tempmture. The influence of a magnetic 
field appeared to be relatively small and did not cause a lasting 
disturbance. After the phosphor bronze thermometer had been 
calibrated by making use of the vapour-pre^ure curve of liquid 
helium, it was used for the determination of temperature in 
further investigations. 


1 6 . Reduction of the Scale of the Gas Thermometer to 
THE Thermodynamic Scale [13], [14] 

In the preceding paragraphs it was pointed out that the 
indications of two gas thermometers will differ somewhat if the 
pressures of the gas in them are not the same at the same 
temperature. 

For an ideal gas pv ^ A, where A only depends on tempera- 
ture. 

For a real gas this is only an approximation. When the 
denuty is not too high, however, we may write — 

/W-A + ® (1) 


In this formula A and B are both functions of the tempera- 
ture ; p is the pressure of the gas ; v is the specific volume 
(reciprocal density) of the gas. 

Now we will compare the indications of two thermometers, 
filled with the same gas ; the first filled to an ordinary density, 
but the second with so small a density that we may always 
id 

neglect the term - in (i). 

The temperature of a gas thermometer is defined by — 

i - where . . (a) 

ap 0 too p 0 ' ' 


Substituting for p its value, given by (i) (t^ alwas^s remaining 
the same) — 


00 - 


Ai - A. + — - ^ 

g ^ 

oA0 + a^ 

V 


( 3 «) 




. iib) 
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For the thermometer with small density these formuhe 
become — 


The difference in the indications of the two thermometers is 
therefore — 

, ,_a-a Bjoo-a 


U-t 


it ” 

a 100 V 


(terms containing are neglected). 

In this way it is possible, when B is known as a function of 
the temperature 4> to reduce the determinations of a gas thermo- 
meter to the scale of a thermometer with very small density. 
This scale is called the Avogadro scale of the thermometer. 

Summary : 

1. The scale of the gas thermometer, defined by (3). This 
scale depends on the kind of gas and its density. 

3. The Avogadro scale, defined by (4). This is the scale 
of a gas thermometer with a very small density of the gas. The 
difference between these two scales are given by (5). 

3. Finally we have the thermodynamic scale that is based 
on the second law of thermodynamics. 

The assumption is made, that the Avogadro scales of all 
gases are the same, and coincide with the thermodynamic scale. 

DifferentuU Thermometer. — ^The first part of the last-men- 
tioned assumption can be verified expenmentally. This may 
be done by means of the differential gas thermometer. 

This thermometer is a combination of two thermometers of 
the type given in Fig. 3. These two thermometers have in 
common a long leg of the manometer. One of the short legs 
of the manometer can be adjusted so that it is possible to 
determine the pressure in both thermometers at the same 
time. 

One of the reservoirs is filled, for instance, with helium, the 
other with hydrogen. 

This apparatus is very suitable for registering differences in 
the temperature indications of both thermometers. The errors 
in the noidous volume can be eliminated by exchanging the 
ffllings of both thermometers, while almost all the possible 
eiTors that may obcur in the temperature of the mercury, etc., 
will be the same for both thermometers. 

In Fig. % is given the result of some measurements with the 
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difierential thermometer.[i 5 I These measurements have not 
only been p^<ained at dinerent temperatures, but also for 
dimrent densities of the m in the thermometers. FVom these 
results it appears that the differences in indications of both 
thermometers (<» <■•) decreased with decreasing density 



Pio. 8.— 'Biffemices of the indicatiozia of a helium and a hydrogen thermometer 
M a function of the pressure of the gas at o^ C. 


according to ( 5 }. This difference becomes zero when we 
extrapolate the density to zero. 

So the result is : The Avogadro scales of the helium and 
hwdn^n thermometer coincide for these temperatures. In 
tms way the first assumption can be tested. The second 
assumption cannot be tested so directly. It is possible to 
deduce it theoreti<ally from the kinetic theory of gases. 
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Finally, I should like to thank Prof. W. H. Keesom for his 
kind help in the preparation of this article. 
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Hich-spbbd things — electrons, protons, neutrons?, ions and 
atoms — are engagmg the special attention of men of science in 
many laboratories of the world. Great progress has already 
been made in the generation of high-speed electrons and of 
h^h-speed ions, particularly by means of specially constructed 
vacuum-tubes. Naming those who have made remarkable 
progress in recent years, there are : W. D. Coolidge {Am. Inst. 
Et. Engrs., 1928, 47 . 212) ; C. C. Lauristen and R. D. Bennett 
{Phvs. Rev., 1928, 81 ^ 850) ; M. A. Tuve, G. Breit, and L. R. 
Hantad {Phys. Rev., 1930, 85 , 66) ; A. Brasch and J. Lange 
IZeUs. f. Physic, 1931, 70 , 10) ; J. J. G>ckroft and E. T. S. 
Walton {Proc. Roy. Soc., 1930, A IM, 477) ; R, J. Van de 
Graaff (Swenectady meeting of the American Ph3rsical Society, 
1931). These investigators and their collaborators have been 
able to reach voltages of the order of one million, but to exceed 
this voltage up to, say, 10^000,000, is an accomplishment beset 
with experimental difficulties. In addition, such high voltages 
involve apparatus quite beyond the equipment of most 
ph^cal laboratories and are somewhat cumbersome for de- 
tailed eaperimental investigations of the types that have been 
carried out in the ranrc of low voltages " — ^to ^ote the words 
of D. H. Sloan and E. O. Lawrence in the Physical Review 
(December i, 1931, 88, 2021-32) in a paper describing the 
production of heavy high-speed ions without the use of very 
high voltages. 

In the laboratory of these investigators three methods are 
being devdoped : (1) production of high-speed electrons by a 
method discussed at the Pasadena meeting of the American 
Physical Society in June 1931 ; (2) a method designed for the 
acceleration of relatively light ions (E. O. Lawrence and N. E. 
Edle&en, Science, 1930* ^ 37 ^ : £• O. Lawrence and M. & 
Livingston, PAvs. Rev., i93i> *8, 834) ; (3) a method, the funda- 
meatiu prindple of which was experimentally demonstrated by 
R. Wi^roe (Arch, f. EUctrotech., 1929, 81 , 387), forming the 
fuhject-matter of the paper above referred to, bv Sloan and 
Lawrence, which is briefly described here. These Investigators 
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had| in thoir initial experiments, obtained high-voltarc mercury 
ions {Proi. Nat, Acad, Set., 1931, 17 , 64), but much h^her ion- 
volta^ are now obtainable, as will appear presently. In 
speakmg of “ high>voltage ions ” high speeds are impli^. 

According to this method a senes of copper tubes (5 mm. 
diameter) are mounted co-axially in a vacuum tube. These 
copper tubes are made successively longer by approxima.tely the 
square roots of integers times the length of the first tube as 
diagrammatically shown in the accompanying figures. 



The ions to be accelerated pass along the common axis of 
these tubes which are connected alternately to a high-frequency 
osdllator. “ A high-frequency voltage applied in this manner 
produces at any instant electric fields between successive 
accelerator tubes of opposite direction and equal magnitude. 
If at one. instant an ion finds itself between the first and second 
tubes with the field in the right direction it will be accelerated 
into the second tube, and if the time consumed in passing 

» tWs tube is equal to the half period of the oscillating 
will amve between the second and third tubes with the 
TCid reversed in direction in such manner that it will receive ad- 
l^on^ acceleration on passii^ into the third tube,” and so on. 
*ne tubes are made of incasing lengths, as stated above, so as 
J;® *P^chronise the op^tion and raise the energy of the ions, 
^us, for example, in the present experimental tube 43,000 
ajmlied to the 30 accelerators resulted in the (Hroduddon 
w wfta (Singly charged Hg ions] having kinetic energies corre- 
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spondiiig api»roximatety to 30 times 43,000 volts, %.*. 1,3^,000 
volts,’* ttie current being to** amp. 

It is to be noted that the ions generated in a hot-cathode 
tube, as shown at the left-hand side of the diagram, are drawn 
out symmetrically and then brought to a focus centrally in the 

S rstem, by using tubes A and B, as shown. The latter tube is 
osed in a little at the right-hand end. Separate voltages are 
wplied, as shown in the diagram, to bring about this rrault. 
To assist in synchronising the ion movements with the oscillat- 
ing field, a single loading coil, L, is used for the first ten 
accelerators. 

It is stated that with one oscillatory circuit the number of 
accelerators is limited by the capacity of the S3rstem, but with 
several oscillators in parallel, connected with separate groups of 
accelerators, it should be possible to work up to 10 million volts. 
It is estimated that this voltage can be attained writh singly 
charged Hg ions, the accelerating system then being 40 feet 
long and fed by eight power amplifiers in parallel. 

Bi^vdootty Pfolait (L. F. B.) 

A source of protons which have been made to traverse a fall 
of potential of over i million volts, without the use of a high- 
voltage supply, has been described by E. O. Lawrence and 
M. S. Livingston (Phys. Rev., 40 , 19, 1932), and the authors 
expect that it will oe possible, by reasonable extension of their 
equipment, to produce ions with a drop of 35 million volts. 
The method of production consists in making the same beam of 
ions traverse a fall of potential of some 4,060 volts many times 
in succession, so that finally the beam possesses an energy 
corresponding to a fall through a very large potential difference. 

Semi-circular hollow plates very similar to the duants of an 
electrometer, are mounted in a vacuum with their diametrical 
edges opposite and close to each other. A magnetic field is 
applied normal to the plane of the plates. The latter form the 
electrodes to which a high-frequency supply from a 20-kilowatt 
water-cooled power tube is connected, so that an osdllating 
electric field is established in the diametrical region between 
the plates. Let us now suppose that positive ions are produced 
in this region by collision of gas molecules with a beam of 
dectrons mom a heated filament. Then, during one half of the 
cyde these ions will be accelerated by the field into the intericse 
ol one of the electrodes, where they will be bent into drcular 
paths under the influence of the magnetic field, and thus 
eventually return to the region between the electrodes. 

It is dear that the magnetic field may be so adjusted that 
the time the ions spend inside the electrode is exactly o^(ttal to 
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one half period of the oscillating electric field. Hence, on 
emeiging mto the diametrical space they will find the fidld 
between the electrodes reversed, and accwdingly they will 
move into the other electrode. It must be observed, however, 
that in their passage across the diametrical region they again 
receive another increment of velocity as they fall throu^ a 
difference of potential oncewmore. 

The radii of the paths described within the electrodes are 
proportional to the vielocities of the ions, and therefore the time 
an ion spends inside the electrodes is independent of its velocity. 
Hence, once the magnetic field is correctly adjusted for this 
time to be equal to one half period of the electrical supply, the 
magnetic field is able to secure the passage of the ions across the 
diametrical region at an auspicious moment on all the future 
occasions when they arrive in the space between the electrode. 
Consequently, the ions describe spiral paths in resonance with 
the electricm supply, until, at last, they reach the confines of 
the apparatus with kinetic energies very much greater than 
that corresponding to a single transit across the diametrical 
region ; in fact, equal to the latter energy multiplied by the 
number of transits, which may be some hundreds. 

The success of the Lawrence and Livingston apparatus is 
greatly due to the focusing actions of the electric and magnetic 
fields. Indeed, the focusing actions are so powerful that beams 
of high-speed protons are obtained with widths of less than i 
millimetre, ideal sources for experimental purposes. 

It is easy to show that the maximum producible energy is 
proportional to the square of the radius of the periphery of the 
apparatus and the square of the magnetic field. Experiment- 
ally it was proved that the value of the magnetic field which 
gave the most intense beam of ions agreed exactly with the 
calculated value. Since the time an ion spends inside an 
electrode is inversely proportional to the intensity of the 
magnetic field, it is dear that the resonance is very sharp, a 
cha^;e of i per cent, in the value of the field being sufiident to 
put the ions completely out of step with the electrical field after 
about fifty transits. Fortunately, it is not absolutely essential 
to have the magnetic field strictly uniform over a large region ; 
small deviations may be peraiitted, and local adjustment of 
irregularities by means of thin iron sheets of requisite shape is 
eastjy possible. 

M far, steps have not been taken to ensure particularly 
intense beams, and the collector currents have been of the order 
of io“» amperes. There seems to be no doubt that, even with 
the preset source of ions, currents one hundred times as gre^ 
nn readily be obtained. A magMt with a pole face 1 14 cm. in 
wuneter is now being installed in order to give a reasonably 



^ 19l(!9tl&l)^(!!^ ^^JWOt33Rj688^ 

wifanki iild 'li( S4i^ ffkUM over a large t^ogioiii and tUa 
■iiMitdtaalte pio^iMe the production of »$ nUlion vdit protm 
tf SO|OOo voltl at a vvave-kngth of 14 metres can be suited 
across the tdeotrodes. 

|piittlafaeAton(L.r.&) 

In Ms opening address at the discussion on the structure of 
atomic nuaei, held at the Royal Society on April 28, Lord 
Rutherford referred to some extraordinary advances in our 
knowledge of nuclear physics wMch have resulted from the 
bombardmient of light elements by protons. In the Recent 
Advances in Science Progress of last year reference was 
made to the work of Cockcroft on the production of protons 
with velocities corresponding to a fall through a difference of 
potential of 300 kilovolts. 

Cockcroft and Walton have used these protons to bombed 
light elements, and have observed some new and striking 
phenomena. For example, when litMum is so bombarded with 
protons, whose potential drop is gradually increased, notMng 
remarkable happens until the mop exceeds 120 kilovolts. 
When the latter potential drop is exceeded, however, lithium 
g^ves off particles of range 8 cm. in air wMch produce scintilla* 
tions on a zinc sulpMde screen of brightness similar to those 
produced by a particles of the same range. If the potential 
drop is considerably increased there appears to be no increase 
in brightness of the scintillations, but their number increases 
rajHdly. 

Lord Rutherford stated that he felt sure that these scintilla- 
tions were due to a-particles, although, as he pointed out, tMs 
must be verified by further experiment. He suggested, how- 
ever, that even at the present stage it seemed possible to 
jHCture the phenomenon in the following way. A proton of mass 
1 attaches itself to a litMum nucleus of mass 7 to form a 
litMum nucleus of mass 8. The latter may be supposed to be 
unstable, and to break up with the emission of two a*partides 
each of nu^s 4, and each correspondii^ to a potential drop of 
about 8 irallion volts, although produced by the impact of a 
proton with a drop not greatly exceeding 100,000 volts. 

Similar disintegrations have been observed with other light 
element. Thus boron gave bright scintillations corresponding 
to partides of range 4 cm. when the protons had traversed a 
potential drop of 135 kilovolts. Carbon gave particles of range 
3*5 cm. of medium brightness for a potential drop of 250 
kilovolts. Nothing dennite was found with nitrogen, and 
notMng at all with oxygen. Copper, too, gave nothing. 
AlOininium gave partides of range 2-5 and fluorine of range 
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•41 cni.| tb« potential drops exceeded 1 50 and 300 kilovolts 
respecavely. 


aapMsoafaettsttr at BlA nstasBor (f. K. L.) 

The phenomenon of superconductivity, i.e. the sudden dis- 
appearance of electrical resistance as a metal is cooled to 
extremely low temperatures approaching absolute zero, is 
distwbed by various factors such as magnetic fields, tension 
in the conductor, and alloying with other metals. Previous 
attempts to examine the possible effect of employing hi|;h- 
frequency currents instead of direct currents yielded a negative 
result, but this has now been shown to be incorrect, errors 
having been introduced by the partial silvering in the vacuum 
flasks containing the liquid helium. 

Some experiments on this effect are described by McLennan, 
Burton, Pittj and Wilhelm in Proc. Roy. Soc., A 888, 1933, 
53. Repeating their experiments with unsilvered flasks, 
thw found that for currents at frequencies of the order of io» 
cycles per second there is a depression of the critical tempera- 
ture at which the sudden fall in resistance occurs. In the case 
of lead, at frequencies of 10’ cycles per second, superconductivity 
was found to appear at less than 7° K., whereas with direct 
current the resistance vanished at 7*2® K. The experiments 
were performed with lead, tin, and tantalum, similar results 
being obtained in each case. A resonant circuit of a condenser 
and an inductance constructed entirely of the metal under 
examination was completely immersed in liquid helium. This 
resonant circuit was inductively coupled to a thermionic valve 
osallator of orthodox design. By varying the frequency of 
this oscillator over a small range on each side of the resonant 
frequency, a change in the value of the anode feed current was 
observed from which could be deduced the high-frequency 
resistance of the resonant circuit. From a set of resonance 
curves taken at various temperatures of the liquid helium bath, 
the critical temperature at which the resistance falls could 
therefore be obtained. The curves showed a shift with a 
change of temperature due to the change in capacity by thermal 
contnu^on. In the later experiments with tin and tantalum, 
this shift was neutralised by an opposite shift of comparable 
iunowt when the liquid helium covered the condenser plates, 
its dielectric constant being 1*04. 

The depression of the critical temperature became greater 
as the frequency was increased. Some difficulty was experi- 
enced in determining the critical temperature, since the dis- 
appearance of resistance with fall of temp^ture was less rapid 
vnth h^'^equency current than with direct current. There 
Waa di^aite evidence, however, that the temperature at which 



133 SCIENCE PROGRESS 

siipercoii<Suctiivity appewed decreased as the frequency m- 
creased. By extrapolatioii, it appears that the limit would be 
readbed at a frequency of lo* cycles per second corresponding 
to absolute zero. 

Various experiments were performed in an attempt to 
discover the cause of the depression of critical temperature with 
increase of frequency. Systematic examination showed that 
it did not arise from the ** skin effect ” of the conductor 
resistance, nor from the heating of the coil by the high- 
frequency current, nor from the Silsbee effect (the depression of 
the critical point by the magnetic field produced by the current), 
l^e conclusion drawn is that it appears to be a function of the 
frequency of the current in the metal alone, and it is hoped 
that this cbscovery will provide a new line of attack on the 
fundamental problem of superconductivity. 

fhs CteUfCOUtwUsd Mflraaiy-aco Beotiflar. (8. E. L.) 

The merciuy-arc rectifier is a simple device consisting of an 
evacuated vessel of steel or glass containing a pool of mercury 
which functions as the cathode, and an insulated iron or 
graphite electrode as the anode. These rectifiers are built in 
large sizes weighing several tons, and capable of handling several 
thousand amperes. Smaller sizes often have oxide-coated 
cathodes in place of the large pool of mercury. The smallest 
reefers of this type are rated at a fraction of an ampere. 
Mercury-arc rectifiers have found many applications, superse- 
ding rotary converters and high-vacuum valves in several 
respects. 

Their field of application is vastly extended by the introduc- 
tion of a control electrode. This takes the form of a negatively 
charged grid, which provides an electrical screen between anode 
and cathode. Development of these controlled rectifiers has 
been very rapid during the past year. One of their most in- 
teresting and most important applications is to electric traction. 
An account of some recent demonstrations of the new rectifio- 
W Brown Boveri Sc Company is given in the Brown Boveri 
RivUw, JaUuary I93*» and abo in a paper by C. W. Olliver 
in Th* RoUoh^ Engineer, February 1932. 

For traction purposes, of course, the rectifiers are of the 
large steel tank variety, rated at several thousand kilowatts. 
The control of these rectifiers is performed most economically, 
sinoe the enera^ required to control the grid is only about 
i/io, 000th of the anode energy. The function of the grid b to 
UQUiirol the starting of the discharge. A simple application of 
till prince is the rq^ation of D.C. voltage in rectifier 
ffimefci, Tms b accomplished by suitably varying the gyid 
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potential which detemunes the amount of current passing per 
half-cycle through each rectifier. Transformer tap switoies 
and induction regulators are thereby eliminated. 

Backfires in the rectifiers are extinguished, and short- 
circuits on D.C. networks are cleared with great simplicity by 
utilising the grid control. In normal operation, the negative 
potential of each grid (which is sufficient to withhold the dis- 
charge) is momentarily reduced by a rotating distributor at the 
instant at which the corresponding anode is required to conduct. 
In the case of an overload, a quick-acting relay breaks the lead 
from the commutator so that all the grids are maintained at a 
negative potential and no further discharge can occur. The 
action is so rapid that a high-speed main circuit breaker has 
nothing left to break by the time it has opened. 

The grid-controlled rectifier provides an efficient and con- 
venient frequency-changer. A particularly important case is 
the conversion of 3-phase so-cycles into single-phase idf-cydes 
for railway locomotives. The process consists in rectifying 
the first six half-waves by applying a positive charge to the 
corresponding six grids, thereby giving a new half-wave of three 
times the length of the primary wave, and then rectif3dng in a 
similar way the next six half-waves from a second six-phase 
secondary winding. The resultant wave-form is not sinusoidal, 
but it can be given a correct shape easily. 

The conversion of D.C. into A.C. by these rectifiers promises 
to be of great importance in industry, and may possibly revolu- 
tionise high-voltage transmission systems. The “ inverter,” as 
this arrangement is called, utilises practically the same circuit 
as the controlled rectifiers. Briefly, the operation consists in 
passing through the primary of the transformer the requisite 
current pulses released from the D.C. circuit by means of the 
controlled ” rectifiers,” the potentials of the grids being con- 
trolled either by a distributor or some other device such as a 
tuning fork. In these cases, the frequency is extemallv con- 
trolled, but automatic frequency control is made possible by 
coupling the grid circuit to the anode circuit. An apparatus 
for the conversion of D.C. to A.C. without rotating machinery 
is naturally in strong demand. The mercury-arc inverter is 
particularly attractive at high voltages, where the efficiency is 
of a very high order. It also has in its favour compactness 
and silence. There is also a demand for the small inverter. 
Fot instance, there has now appeared on the American market, 
an inverter suitable for operatii^ A.C. mains wireless receivers 
from D.C. mains. 

For the traction motor, the controlled rectifier solves many 
probleina. One of the chief difficulties is the unsatisfactory 
ooniBuitatioa of single-phase motors of high frequencies, and 
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the controlled rectifier overcomes this by feeding the single- 
phase commutatorless motor with a frequency chosen at 
the power beiu^ obtained directly from the 50-cycle industrial 
supmy. In principle, the operation is much the same as that 
of the commutatorless D.C. motor, in which a small synchronous 
motor drives the grid circuit distributor controlling the current 
pulses for the armature, so that, in effect, the controlled rectifier 
IS the commutator. In the case of the commutatorless traction 
motor fed from the 50-cycle supply, the speed of the motor 
can be varied at will, independent of the voltage or frequency, 
merely by adjustment of the distributor. There is a further 
advantage in the regenerative braking provided by this system. 

The ease with which all these operations may be performed 
is apparent when it is remembered that the energy in the con- 
trolling circuit is only a minute fraction of the controlled 
energy. This, and the high degree of efficiency and flexibility, 
are responsible for the present rapid development of the grid- 
controlled rectifier. 

Vsw Vanns of Oarbon. (M. 8.) 

It is somewhat unusual to find an element-catalyst under- 
going rapid development in industry without the initial 
appearance of corresponding uses in pure science. Platinum, 
palladium, and nickel were of wide application in the laboratory, 
and industrial utilisation followed as a natural consequence. 
But apart from uses in vacuum work, charcoal in the form of 
activated animal and vegetable carbons does not play any 
appreciable rdle as catalyst or adsorbent in laboratory work 
comparable to the great progress made in large-scale processes. 
Such progress has furmshed us with a number of porous 
materials with all gradations in physical properties ; and a 
treatise on inorganic chemistry is sadly incomplete if it fails to 
include appreciable reference to these new forms and to the 
extent of their development. Furthermore, the pure chemist 
may yet find such materials of value as a catalyst in organic 
chemistry, particularly for halogenation, in a manner analogous 
to the uSe of them by the physical chemist in studies of 
adsorption phenomena. 

The first point requiring attention in our texts is the neces- 
rity for classifying such artificial forms of the element into tluree 
groups accordu^j; to their origin. There are the mineral carbons 
derived from soot, lignite, anthracite, etc. ; the vegetable 
carbons formed by carbonisation of all types of organic waste 
matoials, such as nut shells, rice hulls, peat, and wood waste: 
and the animal carbons, which include bone charcoal and blood 
cai^n. All are prepared by carbonisation, accompanied or 
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followed by activation with a stream of inert gas or with the 
use of impregnating agent such as volatile salt or acid. It will 
be interestii^ to follow the possible attempts by the industry 
to produce a pure, amorphous carbon at an economical price in 
place of the sugar charcoal at present described as the purest 
amorphous form. A sttp in this direction is the large-scale 
production of a carbon of 97 per cent, purity by the carbonisa- 
tion of the residues from the sodium-sulphite liquors of the 
cdlulose industry. 

Examples of the catal}rtic uses of these new materials are 
appearing from time to time, especially in chemical changes in 
wmch chlorine is the reactant. In the synthesis of phosgene 
from carbon monoxide and chlorine an activated bone charcoal 
is favoured ; but in the syntheses of sulphuryl chloride and of 
hydrogen chloride the use of the new carbons is becoming 
general. More recent instances are : the conversion of ethyl 
chloride to hexachlorethane, and the chlorination of saturated 
hydrocarbons to give various substitution products. An 
example of the use for bromination purposes is the preparation 
of hydrogen bromide by Boshovski and Danilitschenko by 
passing water vapour over brominated charcoal at 500® C. The 
new carbons appear to be useful catalysts for effecting conden- 
sation in organic chemist^. Fischer, Bangert, and Pichler* 
have studied the conversion of acetylene into liquid hydro- 
cvbons ; while a German syndicate has acquired patent 
rights for large-scale application of such reactions as the 
condensation of tn-xylyl phenyl ketone to form /?-methyl 
anthracene. 

AgrieuUiinl BWny (0. S. IMl) 

The ^Agricultural History Society of America wishes to 
secure as full bibliographical information as possible relating 
to books or essays on agricultural history, currently published 
in the British Isles, for inclusion in successive issues of its 
qmrterly journal. Writers of essa3rs on farming history and 
the history of rural life in all its phases are therefore requested 
to forward details of their publications from time to time to 
the Associate Editor for Great Britain, Mr. G. £. Fussell, at 
47 Mwle Street, W.i. Information regarding sections of 
sdentiro works which contain historical data, works of general 
history or the histoi^ of specific trades or districts which 
contain sections dealing with agricultural history might also 
be included. 

The quarterly journal of the Society, Agriculiural History, 

* /. Rms. Phyt. Ckem. Soe., 1937 , 58 , 831 - 9 . 

* Bmmttoff Chm., 1929, Ut 27^3. 
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is obtainftbfe oajMyineiit of an annual subscri^ion of $5, whkh 
sikould be fcR'Warabd to the IVeasurw, A^cultural H»t<^ 
Society, Room 304, 1358 B Street, S.W., Washington, D.C, 
UaS«A« 

VeMmcf Beassidi in Anstcslia (fML T. Hkn, MJ)., IUt.O.V.8.) 

In the recent opening of the F. D. McMaster Animal Health 
Laboratory a valuable addition has been made to the equip- 
ment of the veterinary research services of Australia. Mr. 
F. D. McMaster gave £20,000 to the Gjuncil for Scientific and 
Industrial Research for the erection of a laboratory in New 
South Wales to be devoted principally to research on problems 
relating to sheep. The building which houses the pathological, 
bctcteriological, parasitological, and biochemical research units 
has been erected within the grounds of the University of 
Sydney alongside the University School of Veterinary Science, 
ifr. I. Gunies Ross, veterinary pathologist, has been appointed 
director, and work has already commenced on several diseases 
of sheep. 

For some years the veterinary research laboratories at 
Glenfield in New South Wales and at the faculties of veterinary 
science of the Universities of Sydney and Melbourne have issued 
very valuable information, especially upon certain bacterial 
and parasitic diseases of sheep and on a large number of plants 
poisonous to live-stock. The breeders of sheep, which form 
one of the important industries of Australia, and the commercial 
firms concerned in sheep products have supported systematic 
research into the health and management of their stock wi^ 
more enthusiasm and generosity than their fellows in Great 
Britain. The control of such serious diseases as foot-rot, pulpy 
kidney, infectious necrotic hepatitis, parasitic bronchopneu- 
monia, and caseous l3rmphadenitis offers considerable difficulties 
in Australia owing to the conditions of rearing on extensive 
ras^ susceptible to severe droughts. The generosity of Mr. 
F. D. McMaster is a striking testimony of the appreciation felt 
by the Australian sheep breeders for the achievements of their 
vkerinary research services. 

Much of this pionea* work has proved of great value to the 
control of disease in the sheep of Great Britain, and thk country 
will derive additional benefits from the development at Sydney. 
Thus Great Britain and the Empire have reason to join with 
Australia in expressing gratitude for the F. D. McMaster 
Animal Health Laboratory and to wish it every success. 


XaMnDi (W* iiiiiitai) 

In a Note which I contributed to Science Progress on 
The Museum Idea ” (p. 687, No. 104, April 193a), I devoted 
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some attention to Scandinavian museum methods, and my 
attention has since been called to an article on “ Rural Museums 
in Sweden," by Dr. E. Klein, of the Northern Museum, Stodc- 
holm, which appeared in The Museums Journal ( 80 , No. 7, 
January 1931), the admirable organ of the Museums Associa> 
tion. Other articles, in numbers of the same periodical, wMch 
I have not yet seen, have dealt with " Open-air Folk Museums " 
and " Rural Museums," and the subject is thus clearly receiving 
the careful consideration of museum authorities throughout 
Britain. But absolute success in the formation and organisa- 
tion of Folk, or Rural, Museums can only be attained when the 
inspiration and driving force is experienced by the Folk them- 
selves. The movement throughout Scandinavia is unquestion- 
ably the outcome of a genuine Folk impulse, which, for some 
reason or another, has never been so self-assertive in Great 
Britain as it is to-day in Denmark, Norway, and Sweden. So 
far as I know Europe, there is less national flag-waving, for 
example, in any one country outside of Scandinavia, than there 
is in any individual tovm or district in the three smdl coimtries 
referred to. Whether it be the result of the natural and 
biological necessity of the small or insignificant animal to find 
other means than those of mere bulk in order to bring himself 
into the limelight, or merely a lack of self-coiudousness, 
matters little. The fact remains that the Scandinavian peoples 
are determined to attain for themselves “ a place in the sun," 
and, in the process, they in particular, and the world in general, 
are acquiring a cultural asset and creating for posterity an 
historic^ legacy, the actual material and sentimental values of 
which can never be estimated in any sort of currency that 
human ingentuty has ever conceived. 

That the British races are, on the other hand, afflicted by the 
disease — dr whatever psycho-analysts may choose to call it — 
of self-consciousness, is a fact that has invariably been too self- 
evident to admit of one moment’s dispute. Even when they 
ring " Rule Britannia ” at political meetings or heroic recep- 
tions, in the privacy of their town or village halls, they do so 
with a certain shame-facedness that, were it universally known, 
Mwuld undoubtedly become the wonder of the world. And 
every student and collector of folklore in this country is 
aware of the well-nigh insuperable difficulties that are en- 
countered at nearly every turn. The folk-song or story that 
one would almost sell one’s soul to obtain is not forthcoming, 
too frequently because " our honours " were sure to find it too 
trifling a thing for our superlative minds to trouble about. 
These old people, who are now generally the sole remaining 
reporitories of the lore we are so anxious to obtain, judge us, 
alas, in too many instances, by the attitudes adopteo by their 
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omi miserable and " ultra-modern ’* descendants. The so- 
called march of mngren abo. is the arch-enemy of the vmrkiiig 
fcdklonst and of the 'would-be founder of the Folk, or Rural, 
Museum. Even in Scandinavia, the worker in that field has, 
in many aspects of the subject, arrived too late. And every 
year in rural and in urban Britain, the Royal Commission on 
Ancient and Historical Monuments notwithstanding, invaluable 
and absolutely irreplaceable landmarks in the cultural develop- 
ment of the Folk are being ruthlessly tom to pieces and ground 
into oblivion. 

If, then, we are to stay this insane iconodasm and van^ism, 
immediate action is imperative. But how can this possibly be 
achieved ? The historical mind which, in Britain, never has 
been widely disseminated, is certainly not becoming any more 
common, and we are constantly hearing of such collections as 
have been in existence for generations, amon^t rural com- 
munities, being dispersed, and museums being dosed down for 
lack of interest and funds, so that the outlook for the future is 
by no means too rosy. There is, however, one ray of hope 
which has recently shone in upon my own consdousness. In 
the interpretation of Folk-song and Dance, the Women’s Rural 
Institutes throughout the land have made creditable appear- 
ances, and they have already given unmistakable evidences 
of their close and sympathetic assodation with the people con- 
cerned. Why, then, not enlist the services of these Institutes, 
at any rate where other bodies are non-existent or not availaMe 7 
Someone in authority should, of course, pay a preliminary visit, 
and explain the general aim and purpose of the idea, and, if 

E ossible, plan out a mode of procedure. And in every case, 
kewise, the parish priest or minister, the schoolmaster, and 
the doctor, to say nothing of the county gentry, should be 
approached even before the matter is placed before the Institute. 
lAnd in most coimtry districts is cheap enough, and sufficient 
for such a purpose as that of accommodating a Folk Museum 
should, in most of the localities, be obtained at a nominal 
rental, or even for the asking; and frequently a subject, 
such as a ruined castle or tower, an abandoned church, some 
quaint old inn, farm-house, or bam, may be found in situ, and 
Stained as a nucleus for the proposed complete museum. 

These institutions do not, of course, spring up in a night, 
and can never be regarded as having reached a state of comple- 
tion. The museum, like the library, the school, and the 
university, is a living organism, ever growing, yet never 
immune mom death and decay. It must be careMly nurtured 
and fed ; it must be tended also as a tree imt grows ; 
injurious or useless excrescences must be removed without 
cmnpunction, and no opportunity of filling in gaps neglected, 
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when such is necessary. But the first objective must lie in the 
fosterioe and creation of anew museum spirit in the hearts and 
souls 01 those who are to undertake the material initiation of 
the scheme, and of working up a sufficient degree of local 
patriotism, enthusiasm, and esprit de corps amongst the general 
mass of the people themselves. That the achievement of this 
is no vain illusion has recently been proved in the small rural 
hamlet of Dalmeny, in Midlothian, where the parishioners, 
without any extraneous aid whatever, have almost completely 
restored their parish church, “ the most perfect Norman parish 
church, which still remained ... as a witness to the idealism, 
the genius, and the craftsmanship of that wonderful period of 
ecclesiastical architecture, the twelfth century.” Here, then, 
for what it is worth, is an idea which the Museums Association 
might take into consideration. 

lotai and Kewi 

The names of those elected to the Fellowship of the Royal 
Society this year are as follows : Prof. F. C. Bartlett, professor 
of experimental psychology, Cambridge ; Prof. Davidson 
Black, anatomist, Peking ; Dr. F. W. Carter, of the British 
Thomson-Houston Co., Rugby ; Prof. W. G. Fearnsides, Sorby 

P rofessor of geology in the University of Sheffield ; Prof. F. E. 

‘ritsch, professor of botany, East London College ; Prof. J. A. 
Gray, research professor of physics, Queen's University, 
Ontario ; Prof. J. B. S. Haldane, biochemist, Cambridge ; 
Prof. D. R. Hartree, Beyer professor of applied mathematics, 
Manchester ; Dr. K. Jordan, zoologist, Tring ; Prof. F. R. 
Miller, professor of physiology. Western Ontario ; Sir Basil 
Mott, past^resident of the Institution of Civil Engineers ; 
Dr. J. B. Orr, Rowett Research Institute, Aberdeen ; Prof. 
J. L. Simonsen, professor of chemistry. University College, 
Bangor ; Mr. T. Smith, National Physical Laboratory ; Prof. 
H. S. Taylor, professor of physical chemistry, fenceton 
University ; Ftof. H. W. Turnbull, professor of mathematics, 
St. iUidrews ; Prof. Warrington Yorke, professor of tropical 
medicine, Liverpool. 

The long winter took a heavy toll of the veterans of science, 
and our obituary list this quarter is much longer than usual. 
It indudes Sir Frederick Andrewes, F.R.S., pathologist of the 
University of London ; Dr. L. A. Bauer, the eminent magnet- 
idan ; M. Gillaume Bigourdan, at one time president of the 
Paris Academy of Sciences ; Dr. R. M. Bronte, pathologist ; 
Prof. W. R. Dron, professor of mining in the University of 
eSwfow ; Dr. G. C. Druce, botanist and pharmacist of Oxford ; 
Sir iMvid Drummond, emeritus professor of medicine, Durham ; 
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Sir Arthur Duckham, lad tedmologist ; Dr. W. D. D3re, F.R.S., 
of the National Physical laboratory ; General G. Ferri 4 , 
ibrmeriy pmidlent of the Committee on Longitudes of the 
International Astronomical Union ; Sir Patrick Geddes, 
biologist ; Principal E. H. Grifiiths, of the University College 
of South Wales ; Dr. Alfred Hay, sometime professor of 
dectrotedmology at Cooper's Hill and at Ban^lore ; Dr. 
'Victoria Hazlitt, lecturer in psychology, Bedford College, 
London ; Mr. J. J. Joicey, collector and lepidopterist ; Mr. 
H. Chapman Jones, chemist ; Prof. P. N. Kjyloff, of Tomsk, 
botanist ; Prof. D. H. Marshall, emeritus professor of mathe' 
matics and physics, Queen’s University, Ontario ; Dr. James 
Mercer, F.R.S., lecturer in mathematics, Christ’s Collie, 
Cambrid^ ; Wilhelm Ostwald, N.L. ; Dr. Michael Perkiiw, 
zoolodst ; Prof. H. J. Priestley, professor of mathematics in 
the university of Queensland, Brisbane ; Mr. Eustace Short, of 
aeroplane construction fame ; Sir William Smith, at one time 
professor of forensic medicine at King’s College, London ; Sir 
William Somerville, emeritus professor of agriculture in the 
University of Oxford ; Mr. Richard South, editor of the 
Entomologist ; Prof. E. Wilson, lately professor of electrical 
enmneerii^, Kite’s College, London ; Prof. R. Stenhouse 
Wuliams, ^t director of the National Institute for Research 
in Dairying. 

H.M. the King has approved the award of the Founder’s 
medal of the Ro3ral Geographical Society to Mr. H. G. Watkins, 
for hb work as leader of the British Arctic Air Route Expedition, 
and of the Patron’s medal to H.R.H. the Duke of Spoleto, who 
led the K^akoram Expedition in 1939. 

Sir Oliver Lodge has been awarded the Faraday medal by 
the Institution of Electrical Engineers ; Sir William Pope the 
Messel medal by the Society of Chemical Industry, and Mr. 
C. T. R. Wilson the Duddell medal by the Physical Society. 

Dr. Theobald Smith has been awarded the Manson 
by the Royal Society of Tropical Medicine. Tfds medal is 
awarded tnennially, and the last award, in 1929, was made to 
Sir Ronald Ross. 

Sir James Jeans has been elected an honorary member of the 
Washington Academy of Sciences. 

The Council of the Institution of Qvil Engineers has awarded 
Telford gold medals to Prof. C. F. Jenkin, of Oaford, and to 
Sir Bernard Darley, of Bahawalpur. A Stephenson gold med^ l 
haa been awarded to Mr. B. G. White (London). 

(Sold medals have been awarded to Sir Harold Corpenttt 
and Dr. T. A. Rickard by the Council of the Institunon of 
Ifiidng and Metallurgy. 
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The N^ pirixe for the years 1939-31 has been awarded to 
Dr. C. H. OTJono^hue by the Royal Society of Edinburg 

The follow!^ IS a list of the presidents of some of the 
scientific societies. 

Royal Astronomical Soeieiy : Dr. H. Knox Shaw ; Physical 
Socisty : Prof. A. O. Ranldne ; Geological Society : Sr Thomas 
Holland ; Ray Society : Sir Sidney Harmer ; Quehett Micro- 
scopical Club : Mr. J. Milton Offord ; Association of Economic 
Biologists : Dr. W. B. Brierley. 

Mr. W. S. Morrison, M.P., has been appointed to succeed 
Major A. G. Church on the Medical Res'earch Council. 

The fourteenth International Physiological Congress will 
be held at Rome on August 28 to September 3. The president- 
elect is R’of. Bottazi of Naples. Prof. A. V. Hill will deliver 
the inaugural lecture. 

The sixth International Botanical Congress will be held at 
Amsterdam on September 9 to 14, 1935. Prof. F, A. F. C. Went, 
of Utrecht, has been elected president, and Dr. M. J, Sirks, of 
the Landbouwhoogeschool, Wageningen, secretary. 

The members of the Optical Society and of the Physical 
Sodety of London have agreed to the amalgamation of the two 
^deties. The amalgamation will take place so soon as the 
necessary alterations in the articles of association of the 
Physical Society have been made. We understand that it has 
been brought about by the difficulty experienced by the 
Optical Sodety in obtaining suitable papers and a reasonable 
attendance at its meetings. 

The Second Report of the Committee on Atomic Weights 
of the International Union of Chemistry (Paris, 49 Rue des 
Mathiirins) contains the recommendation that the atomic 
weights of ki^ton and xenon should be taken as 83*7 and 
131*3 respectively, instead of 82*9 and 130*2 as at present. 
It b agreed that atomic wdghts shall continue to be based on 
the figure 16 for the chemical unit O, and not on the isotope of 
oxygen O", which would make the chemical O equal to 
16 X 1*00022, owing to the presence of the isotopes O” and 0 “ 
in the chemical unit. 

Bulletin 86 of the National Research Coundl, Washington, 
D.C. (pdce $1*50), forms the Second Supplement to the 
Biblio^phy of Bibliographies on Chemistry and Chemical 
Technology, It covers the period 1929-31, and contains 
approxmwtdy 3,300 bibliographies under 950 headings. As 
the title indicates, the book b a compilation of bibliographies 
puUbhed as sepaiates, or at the end of books or magazine 
articles, or as footnotes to the same, on the numerous aspects 
of pure and applied chembtry. Each entry gives the name of 
attunor or compiler, title, and place of publication. TIm 
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matority the entries state the number of references, thus 
givi^ an indication of the completeness of the partioilar 
bibtiographvcand they are all dasslfied under subject-headings 
alphabeticailv arranged. 

The Cambridge University Press announces that two new 
volumes in the series " Cambridge Tracts in Mathematics and 
Mathematical Physics " will be published shortly. Th^ are 
Modular Invariants, by Mr. D. E. Rutherford, and Conform^ 
Rtpnseniaiion, by Prof. C. Caratheodory. Allen & Unwin 
are publishing a new book by Max Planck in the autumn. The 
title is Where is Science Going?, and it will have an introduction 
and epilogue by Einstein. Beil’s, also, in the autumn hope to 
have ready Sir William Bragg’s new book. The Universe of 
Light, The Oxford University Press are publishing the 
Correspondence and Papers of Edmond Halley, arranged and 
edited by E. F. MacPike. Owing to the kindness of Mr. H. W. 
Robinson, the assistant librarian of the Royal Society, we have 
seen the MS. of this book, and can vouch for its extraordinary 
interest to those concerned with the history of the Newtonian 
period. The same publishers are also issuing a new book by 
E. B. Moullin, entitled, Principles of Electro-Magnetism, and 
intended more especially for the engineer. 

Messrs. Adam Hilger Ltd. have obtained a prolongation of 
the patents covering the Twyman-Green Interferometer for. a 
further ten years from January 3, 1932. This instrument is 
designed for tests on prisms and lenses, and makes it possible 
to construct optical systems of a degree of perfection which 
would be quite unobtainable without it. In a brochure on the 
instrument, Messrs. Hilger state that two of their licensees — 
Messrs. Ross Ltd. and Messrs. Taylor, Taylor & Hobson — 
have been able to export to the United States large numbers of 
optical elements as a result of the installation of these inter- 
ferometers. Most of the large cinema projectors in the United 
States are fitted with Ross lenses, and the great proportion of 
the cinema camera lenses are supplied by Messrs. Taylor, 
Taylor & Hobson. The German rights have been purchasM 
by Messrs. Carl Zeiss, Jena. 

In the BeU Laboratories Record and in the Physical Review 
for January, P. P. Qoffi describes the properties of hy<frQ- 
genised iron. The chief features of the magnetic behaviour of 
this iron are its very high initial and maximum permeabilities 
and its very low coercive force. Indeed, hydrogenised iron 
appears to have better characteristics thim single crystals of 
iron, which can now be grown to a large size in hydrogen or in 
vactto. The best magnetic specimens of hydrogenised iron 
Iwive been obtained in the form of rings of Amco iron, whidb 
were first heated in moist hydrogen at 1475° C. — i.e. just below 
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the mdting-point — for i8 hours, cooled to 880* C. in i hour, 
and, finally, annealed at that temperature for 12 hours before 
bdni; allowed to cool slowly to room temperature. For such 
spedtnens the initial permeabilit^r was 4,000, and the maximum 
permeability 1 80^000. The coercive force was only O'Oss gauss, 
and the h3rsteresb loss for a maximum induction of 14,000 lines 
per s<}. cm. was only 190 ergs per c.c. per cyde. The presence 
of mmsture during treatment appears to be essential, and there 
seems to be little doubt that some catal3^ic action results 
in a purification of the iron. The time the iron is kept at the 
highest temperature depends on the dimensions of the spedmen, 
thicker spedmens requiring longer treatments. 

The Annual Report of tl^ Indian Association for the Cultiva- 
tion of Science for the year 1930 is published by the honorary 
secretary. Sir C. V. Raman, in vol. VI, Part 6 of the Indian 
Journal of Physics. Twenty-eight research students were 
working in the laboratory during the year, and 51 papers were 
published : 38 in the Journal, ^ in Nature, and the remainder 
m the Proceedings of various sdentific sodeties. The finandal 
statement shows a very large and unexplained increase in the 
" Floating Balance in the Bank,” and the general position 
appears to be very satisfactory. The accounts indude detailed 
statements of the costs of the various services, and a detailed 
valuation of the whole of the assets. One can only regret that 
it is not obligatory for the various departments of English 
Universities and Technical Colleges to prepare similar state- 
ments. The same number of the Journal contains an interesting 
paper by Malurkar and Ramdas on the variation of temperature 
in the air very near the ground and its effect in produdng mirage, 
md an account of experiments on magnetic double refraction 
in aqueous solutions of paramagnetic salts by S. W. Chinchalkar. 
This new phenomenon occurs notably in solutions of salts of the 
rare earths, and the birefiingence is sensibly proportional to 
the square of the field strength. 

The Bell System Technical Journal for January 193 a 
fvol. XI, No. I) contains a number of papers of very great 
mterest to the physidst. J. B. Johnson contributes an artide, 
reprinted from the Journal of the Franklin Institute (December 
*93*)» on the Cathode-ray Osdllograph, which describes the 
development pf the instrument since its ^scovery by F. Braun 
in 1897, and its application to various problems in sdence and 
technology. The paper should be consulted by all those 
interested in osdllographs. F. B. Llewellyn has a long and 
inwortant paper on the design of osdllators giving a frequency 
independent of normal vanations in the operating voltages 
(wofigh not of the effects of temperature variations due to 
dmnges in operating currmts), and in his twenty-third paper. 
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on ** Ornttiapomry Advances in Physics," Karl K. Darrow gives 
a very com^^ account of cosmic rays. The annual 8ub> 
acription to the Journal is $i*So, but single cofMes can be ob> 
tained from the American Tdephone & Telegraph Co., 19$ 
]%t}adway, New York, price 50 cents + 9 cents for foreign 
postage. 

The Bureau of Standards Journal of Research for January 
and Ilfarch 1932 contain two papers by Lauriston S. Taylor, 
on X-ray standards. The unit is the RGntgen, defined as the 
quantity of X-radiation which, when the secondary electrons 
are fully utilised and the wall effect of the (ionisation) chamber 
is avoided, produces in i c.c. of atmospheric air at o” C. and 
76 cm. pressure such a degree of conductivity that one electro- 
static unit of chax^ is measured at saturation current. X-ray 
dosage is measured in terms of this unit by dosage meters 
calibrated against standard open-air ionisation chambers set 
up at the Bureau of Standards, the National Physical Laboratory, 
the Physikalisch-Technische Reichsanstalt and I’Hdpital St. 
Antoine, Paris. The units employed at these several labor- 
atories j^ve been compared by means of a portable equipment 
taken from one to the other by Mr. Taylor, and the results show 
an agreement to within ± o>s per cent, for the United 
States, Englandi and Germany. The unit used by Dr. Solomon 
in Paris is 2*29 rbntgens. The January issue of the Journal 
contains an account of these experiments, and, in March, the 
author discusses the application of air density corrections to 
different types of ionisation chambers. 

The Bakelite Co., of 68 Victoria Street, S.W.i, issue a 
monthly journal entitled Bakelite Progress to make known the 
manifold uses of their product. Copies of the journal are sent 
on request, and since it contains many useful mnts, it is worth 
asking for. 
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tauom TXaOmT AVB QVAVTVM TKBOBT. By Prol G. Tsmplb 
Ph.D., D.Sc. Being a review of Ibe Tbmtr ol Oranpi and Quantiim 
MatihiwiWj by Hermann Wbyl, tran^ted from the 2nd (revised) 
Gwman edition by H. P. Robertson. [Pp. xxii + 422.] (London : 
Metbnen Sc Co., 193X. Price ais.) 

The two most important books hitherto published on the 
subject of the quantum theory are The Principles of Quantum 
Mechanics, by Dirac, and Gruppentheorie und Quantenmechanik, 
by Weyl, the English translation of which is reviewed in tMs 
article. In Dirac's work the quantum theory is studied for its 
own sake as the basis of microscopic physics, while in Weyl^s 
work the quantxun theory is introduced as a field for the appli- 
cation of the theory of finite and continuous groups. This 
presentation of the quantum theory from a standpoint which is 
almost exclusively mathematical has a twofold advantage : 
it clarifies, condenses, and develops the mathematical language 
in which the theory is expressed, and therefore prepares the 
way for more profound and systematic statements of the 
physical principles of the theory. ’ 

The plan of this book is dominated by the theory of groups. 
It may oe rapidly summarised as follows : Chapters 1 and II 
are introductory in character. The first chapter gives a general 
account of linear algebras and unitary geometry, and the second 
translates into this abstract terminology the physical concepts 
of wave mechanics. The stage is thus set for the entrance of 
group theory. Chapter III develops the elementary theory of 
tBe representations of groups, and Chapter IV systematically 
applies these results to the quantum theory. In Chapter V the 
representation theory is formally expounded in terms of group 
algebra, and is applied to more complex problems of atomic 
physics. 

The mode of presentation of the subject is entirely character- 
istic of the author, and it abundantly illustrates his astonishing 
powers of condensation, of abstraction, and of seeing relations 
between remote branches of mathematics. Naturally these 
features make the book difficult reading for a novice, but they 
POhMbttte enormouriy to the enjoyment of the student who is 
aire&dy familiar with group theory and quantum theory. 

10 >45 
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A tyi^cal example of these characteristics of Weyl's writif^; 
is fumisaed by his defiiution of a ^oup in terms of the concept 
of “ equivalence ” (p. 112 ). An element p' is said to be equiva* 
lent to an element p with respect to a set of transformations G 
if there exists a transformation of the set which transforms p 
into p'. The conditions that the set G should form a group can 
then be expressed in nine words — ^the relation of equiv^ence is 
reflexive, synmetrical, and transitive. The diamond-like pre- 
cision and lucidity of this definition must give to the mathema- 
tician an intellectual joy comparable to that afforded by a Bach 
fugue. 

In fact, the whole book is replete with delights for the pure 
mathematician, who will see with mii^led surprise and pleasure 
that the most abstract results in group theory have an im- 
mediate application to quantum mechanics. The physicist, 
however, put down this book with the inevitable que^, 
“ Are the methods of group theory really necessary and unavoid- 
able in solving the problems of the quantum theory ? " Nor 
will he be satisfied with the reply given by Dirac, ‘ that “ group 
theory is just a theory of certain quantities that do not satisfy 
the commutative law of multiplication, and should thus form a 
part of quantum mechanics, which is the general theory of all 
quantities that do not satisfy the commutative law of multipli- 
cation.” Afto* all, the quantum theory is primarily a branch 
of physics (unless, indeed, it is the root of all physics I), and 
mathematical terminolc^ is simply the language in terms of 
which it is emiressed. It is therefore essential to discuss ab 
initio the fundamental question raised by this book, ” In the 
development of quantum mechanics are the methods of group 
theory a necessity or a luxuiy ? ” 

To answer this question it is necess^ to refer to the prin- 
ciples of the quantum theory, and to realise that these principles 
flul into two sets, which may be conveniently distinguished as 
the ** general ” and the ” special ” principles. The general 
wkiciples assert that the proper expression of physical quanti- 
ties is by means of the dements of some non-commutative 
algebra ; the spedal prindples determine the particular a^iebra 
wmch is most appropriate. The general prindples can be 
based on a critical study of the nature and conditions of 
physical measurement ; the spedal prindples, such as Hdsen- 
beiig*s exdian^ relations, have no such philosoplucal justifica- 
tion, but are simply bold hypotheses. 

The q>edal pnndples are indispensable for a complete 
formulation of the quantum theory, and, once they have Mim 
postulated, the theory can be developed quite independent]^ 
«f 4my e]q[>lidt reference to the theory of groups. The wqrk of 
> Pne. Moy. Sot., A. 118 . fiA, 1939. 



GROUP AND QUANTUM THEORIES 147 

l^BC furnishes an excellent example of this autonomous 
development. At the same time there are a number of im> 
portant problems which can be discussed without the use of the 
special ^ndples, e.g. the theory of the angular momentum 
operators and the theory of the structure of atoms with many 
ekctrons. For the theorist engaged in a critical study of the 
foundations of the quantum theory it is clearly important to 
draw a sharp distinction between the two classes of problems 
whose solutions are or are not independent of the special prin- 
dples. For the first class of problem the methods of group 
theory are indispensable, for the second class of problem they 
are ineffective or superfluous. 

Weyl's work is not exclusively occupied with this class of 
problem, but in the treatment of the second class of problem it 
confirms the statement made above. The most important 
example of this class is the problem of the actual form of the 
Hamiltonian operator. In non-relativistic theory this operator 
is constructed by direct analogy with classical models ; in 
relativistic theory Dirac’s linear wave equation is derived from 
a prindple of least action. Here group theory is of no avail, 
and recourse is had to more or less plausible auxiliary assump- 
tions. 

To return to the principles of quantum theory and their 
relation to the theory of groups, it appears that the fundamental 
concepts of the quantum theory are the concepts of a physical 
system, of the states of a system, and of the transitions from 
one state to another. The general prindples of the quantum 
theory are that a definite state of a system is represented by a 
ray, or unit vector, in the Hilbertian space of the system, and 
that a transition is represented by a unitary transformation in 
this system space. A physical quantity assodated with the 
system is represented by a Hermitian operator, i.e. by the 
operator of an infinitesimal unitary transformation. The mean 
value of a physical quantity averaged over a certain statistical 
agmegate M systems is then uniquely determined by a remark- 
able theorem due to J. v. Neumann. 

Now a transformation of the kinematieal co-ordinates de- 
scribing a system induces ” a correspondltig transformation in 
the system space, and a group of congruence transformations in 
geometrical space induces an isomorphic group in the system 
xpace. Hence certain groups of transformations in system 
space are completely determined as to their structure and 
multiplication table ” without any appeal to the spmal 
prisc^es of the quantum theory. The matrix representations 
of th^ groups of transformations can then be determined 
directly. 

The standard method for the complete determination of the 
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irredudt^ retdresentations of a given abstract group is ex- 
pounded in the last clmpter by means of the theory of group 
algebra, and may be briefly summarised as follows : Let 
I, t, . . . denote the operators of a group. Let the operator 
X, defined by the equation, 

x-2*(t). I, 

be represented by the vector with components :r(s) in space -6 
with dimensions equal in number to the order of the group. 
Then, if 

x'-ax, 

it follows that 

By means of this equation the operator a is associated with a 
certain linear transformation in the vector space Hence 
the given abstract group is represented by a linear homogeneous 
group in 41. From this “ regular " representation it is possible 
to deduce all the irreducible representations of the ^oup and 
to establish the classical theorems on group characteristics. 

In the case of the rotation group it is possible to construct 
the irreducible representation by more elementary methods, 
and to verify their irredudbility and completeness by a subse- 
quent investigation. The infinitesimal operators of the rotation 
group in geometrical space are 

Rm i-o, y- i-y ; 

Rf ic^z, y<^o, 

R, x^-y, z-^o] 

and the corresponding operators in the system space, or 
rather those operators multiplied by tA/sn represent the 
con^nents of angular momentum, Mg, My, Mg. 

The representations of the corresponding group induced in 
the system space are determined by the dimensions of the 
mariices. In three dimensions there is clearly the representa- 
tion : 


o o o 


O O 1 


0 -I o 

O O -I 

O I o 

1 

o o o 

— I O 0 

1 

I O 0 

0 0 0 


Fri>m this representation it is possible to construct representa- 
tions in two dimensions and in n dimensions. 

Since x* + y* + a* is an invariant of the rotation group, the 
rotations in the invariant sub-space 

*• + y* + s* - o 
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also form a group. In terms of new variables, v|, defined by 
the equations 

- 5 * + ij*, ly- 5 * + *- 

the operators of this group are : 

/?y 5“ Jk), ^ J 

Rn 5--K. ii'j; 


whence we have at once a two-dimensional representation of 
the angular momentum operators with matrices, 


h 

0 

I 

h 0 

-1 

I 0 

47t 

1 

0 

' 4« t 

o] ’ 4 « 

0 —I 


i.e. Pauli’s spin matrices. 

A representation in {2j + i) dimensions can now be con- 
structed from the invariant 

/- 5*5 + >3*>J, 

where 5 *» »j* are the complex conjugates of ij. Let 

(rlsl)*’ 

where m- J(r — s) and j — J(r -I- s). 

Then /«-(2;)lX(^„**,,). 


Since I is an invariant, the operators R induce a linear trans- 
formation in the variables Xm, and the actual form of the trans- 
formation for the operators i?, + iRy, /?, — iRy, R, is easily 
found to be 

-ixn-i (j + »»)* (;’-»»+ 1)*, 

Xm-^ -Wm+l u - w)* (; + m + 1)*, 

-imxm. 

Hence the only non-zero elements in the representation of 
M, ±, iMy, Mt as (2; + 1) dimensional matrices are : 

{Mg + lAfy) (m, m - i)- (y + m)* (/ - m + i)*A/2it, 

(Mg — iMy) (m, w + i) - (y — m)* (y + m + i)*A/aK, 

M, {m, m) «- mhizit. 

This is perhaps the most striking example of the use of the 
theory of representations in quantum mechanics. The abstract 
results of group theory now acquire a new vitality. The 
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Clebsdi<<Sordan theorem for the rotation group can be used to 
justify the empirical rule of spectroscopy for the cmnposition 
of the angular momenta of kinematically independent systems, 
and then applied to the theory of the spinning electron and of 
multipJet structure. Finally, it may be used, in conjunction 
with Schm’s Imma, to deduce the standard selection and 
intensity rules 1 

After the rotation group the most important congruence 
group is the group of permutations of similar particles. The 
results obtained from the theory of the representations of this 
group lay the foundation of the whole theoiy of atomic and 
molecular structure. These results are of fundamental im- 
pmtance for the physicist and chemist. 

Enough has been said to indicate the wide range and funda- 
mental importance of the results obtained by group theory in 
quantum mechanics. The world of mathematical physicists is 
under a great debt to Prof. Weyl for having expounded this 
subject with such charm and clarity. The theory of groups 
has long been the Cinderella of mathematics. Let us hope 
that the transformation scene is at hand. 
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Humaiietl Kathmitteal Anilyita. By J. B. Scarborough, Ph.D. [Pp. 
xiv-f4x6.] (Baltimore: Johns Hopkins Press; London : Humphrey 
Milford, X930. Price 25s,) 

It is clear from Dr. Scarborough's book that he is a computer of skill and 
escperience to whom formulae are tools to be used with discrimination and 
knowledge. In numerical anal3r8i8 the sign of equality has only a phantom 
existence, and without some discussion of the errors they involve the formulae 
are of little value. The reader of this book is never allowed to lose sight of 
this cardinal fact. The first chapter is heaided The Accuracy of Approxim- 
ate Calculations/* and three other chapters, as well as a number of shorter 
sections, are devoted to discussions of the accuracy of the formulae developed* 

Much of the book is, necessarily, on standard lines. The usual inter- 
polation formulas are developed, and lead on to formulae for numerical in- 
tegration, the accuracy of all these being carefully discussed. Welcome 
features aire the sections on interpolation with two independent variables 
and on the evaluation of double integrals. The solution of aigebradc equations 
is next considered, the root squaring method being given special prominence. 

The chapters on the numerical solution of differential equations are among 
the best in the book. The method of successive approximation is very fully 
treated, while the methods of Adams, of Runge, and of Milne are all dealt 
with. 

The Normal Law of Error, the Method of Least Squares, and their applica- 
tions to the combination of observations and to curve fitting are all treated 
in a practical and convincing manner. The author has thought it worth 
while to attempt a proof of the Normal Law. His proof is ingenious and more 
easy of understanding by a banner than many others, while, since he does 
not claim rigour for it, it is dimcult to level criticism at it on logical grounds. 
But it may be doubted whether any proof should be given in a worst of this 
kind. The Normal Law has no inevitability, and, in practice, it is almost 
impossible to predict in what cases it will appear. To establish it theoretically 
at the vei^ mreshold of a discussion of fluency distributions is to exag- 
gerate its importance, and may fix in the mind of t^ student ideas which will 
have to be eradicated at a later stage. 

A chapter on numerical Fourier Anal3ws completes the work. Correlation 
and the periodi^pun are among the subjects for which no place has been found. 
Sxampm are mven at the ends of all the chapters, and add to the usefulness 
of the took. Dr, Scarborough is to be congratulated on the production of a 
thoroughly sound and practi^ work, and one which certainly has few equals 
in its R. c. J. H. 

▼totor Analfrit. By Richakd Gan«. [Pp. ix -f 163O (London : Blackie 
it Son, 1932. Price lu. 6 i.) 

Pnov. Oaks'S little textbook bu bad considerable anccess in Gennany and. at 
ft time sAea good Engliab works on vector analysis are rate, a translation was 

S31 
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trail wortb irliito. Utot Dwoi, vtho has almkly putt aa ia lunr daM l>y Imt 
• ditioa of De Broglie*! pepadn, has once more done her work well« and has 
produced a very readable book. 

T 3 ie need! m the idiysidst are kept In mind throngh^, and at least a 
third of the space Is gjven to applicatibns. In what remains the elements of 
the theory are developed in a dear and usually satisfactory manner. line 
and eurfai^ integrals are discussed* and the usual vector op^ations in curvi- 
linear co-ordinates are introduced. 

A diapter on tensors follows. Here the author starts £rom the point of 
view cd the linear vector function, so that a tensor appears from the start as 
an operator having three prindpal axes and associate with a fundamental 
ellipsoid. Such tensors are of a restricted type, but are suffident for the 
appl^tions to electrid^ and hydrodynamics that occupy the last, and 
perhaps the most valuable, chapter. 

The author's slight casualness with regard to such matters as the con* 
tinuity and difierentiability of his functions may readily be forgiven in a book 
writtmi for the physidst rather than the mathematician. Apart from this 
there are a few minor blemishes. The graphical representation of a vector 
field as a collection of tubes that is given in Chapter 1 is impossible for 
vectors in general. Manifestly it requires that there should be some relation- 
ship between the vectors at neighbouring points of the field, a relationship 
which appears to be expressed by the vanishing of the divergence. Again, 
the author does not distinguish between free and located vectors, although he 
makes use sometimes of the one type and sometimes of the other. But these 
are not things likely to lead the student far astray, and they are counter- 
balanced by much that is excellent. 

Many examples are given, and answers, with some brief solutions, axe 
provided at the end of the book. There is also a summary of the prindpal 
iarmulflB. The publishem have maintained their high standard of mauie- 
matical printing, and have issued the book in the pleasant and serviceable 
Immat which h^ now become familiar, and does not cease to be welcome. 

R. C. J. H. 

Die sUtpUsohen Funkttonen voa 7aeoU. By L. M. MiLKs-XHoiisoir, 
[Pp, xiv -f 69.] (Berlin : Sprmger, 1931. Price 10.50 marks.) 

Tms modem mathematical ph3r8ici8t will undoubtedly welcome the tabulation 
of Jacobi's elliptic functions. The tables before us give 5-figure values, with 
differences, of sn u, cn u, and dn n, at intervals of o»ox in u, and for values of 
A* (the square of the m^ulus) at intervals of o*x from 0*0 to x*o. The use 
of ir as an argument, instead of the angle a where sin a A, has been adopted 
by earlier tabulators in this field, for example by Nagaoka and Sakurai, so t^t 
no oziginalily can be claimed. The tabulation for each value of A* extends 
to a convenient point beyond the corresponding quarter-period K. A 
supplementary table gives 8-figure values of the complete eluptic integrals 
it, a\ Et and the number q at intervals of o*oi in A*. Five pages of 
formulm and three graphs of the functions tabulated complete the volume. 

The omission of decimal points is not good tabular practice. Signs have 
been omitted to such an extent that the user, unless he is very wary, will te 
trapped ; for instance on p. 40, in the column cn m for A* o*6, the 
abi^ce of signs would lead to the inference that the function was positive, 
whereas the contrary is the case. The tables have been unduly spread out 
by the use of large type and small pages ; the cost per figure is ten times as 
great as in the four*fig^ tables with which the author was associated* 
Further, it seems unpatriotic for an Englishman to seek a f oi:eign puMisber. 

L* J.C 
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fht I«w ^ thmritMm la MUtMtf. By H. C Lbvwsok Pb.D., and 
E, B. Zaia»R, Pb.D. [Pp. ia6.] (Chicago : University of Chicago 
Press, Second Edition, X95i* Price i6s,) 

TKEantibosBof this volume have essayed a didicnlt task and appear to have 
carried it to a successful conclusion. Starting from broad assumptions, they 
have aimed at discoveriM all possible laws of gravitation consistent wi^ the 
Principled! Relativity. Their assumptions are : (x) that the geometry of space 
is l^mannian, and has a quadratic differential line element ; (2) that the 
law of gravitation is covariant ; (3) that the law is expressible as a set of 
dllldential equations in the alone, not involving dinferential coefficients 
above the second order, and linear in the second-order terms. To these they 
find it necessary to add a further assumption, that every set of covariant 
equations is equivalent to a set of tensor equations, a statement that should 
be enable of proof, but which they have b^n unable to establish. 

They develop the theory of tensors more logically and with greater 
thoroughness than is the custom in books on Relativity and. in consequence, 
are able to prove that only a definite number of tensor equations satisfy these 
conditions and to find all these explicitly. They find that there are eight 
possible laws of gravitation, of which Einstein's is one. The eight are formed 
from linear combinations of four tensors, one of which they claim as a new 
discovery. 

Of the seven laws other than Einstein's, some are shown to be inadequate, 
but some interesting new possibilities appear. For example, in one system 
the ffianets have fix^ perihelia, while light is not deflected by the sun, so tixat 
an almost entirely Newtonian mechanics is consistent with the fundamental 
postulates. 

The apparent arbitrariness of Einstein's law and its sudden Incredible 
appearance from under its author's hat have always been a trouble to many 
mathematicians who. although they learned to do the trick for themselves 
quite efficiently, have continued to feel that there might be an element of 
fraud in it somewhere. Books like the present will help them to feel more 
at home in a still rather trackless land, and perhaps to find new paths for 
themselves through the tangled undergrowth of ideas that darken it. 

R. C. J. H. 

MathwiiaBflS. A Textbook tor Teohnloal ttodenti. By B. B. Low. M.A.. 
A.M.I.Mech.£.. A.M.I.A.E. [Pp. vi -f 448.] (London : Longmans, 
Green A Co., X93X. Price 12s, 6d.) 

It is easy for the mathematician to feel hostility towards a work of this kind. 
It presents mathematics as a xniscellany of hardly related topics ; it perxuits 
itself the degree of unsoundness to which engineers are accustomed and by 
which they axe undismayed ; and it is entirely shameless about it. But the 
author is, no doubt, indifterent to the mathematician's views. He has 
written to supply a n^. the need of the engineer to whom mathematics is a 
bCMX of tools-^rather awkward tools — and who wants them nicely arranged 
in compartments so that he can lay his hand on them and clearly labelled with 
a few precise instructions for use. 

From this point of view the author's book is to be recommended. It is 
unusually comprehensive, clearly set out, and full of examples of a practical 
nature. Algebra, Trigonometry. Pure and Co-ordinate Geometry. Calculus, 
DUEexential^uatioxis. Finite Difierences, Harmonic Analysia-^all are there, 
and the reader who is content humbly to take each tool as it is ofiered, and to 
use it according to the rules, will find himself at the end with all the mathe- 
matloal equipment that any but a few exceptional engineers are likely to 
veqxtixe* Hme, theau ix what the engineer wants, and he haa been given it in 

genemm «neasu>e« 
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Aiidy> 0 t«doiiMfiiii 4 Um. Do<»ibeMgl|i«erm%l0g^ 
tMttorthkwajr 7 Orwottldlie^ pm*ha{)«» ttseUiiiof^ooafl<foiK%if tew 
stood it a little better ? It is hard to say. But, whatever may be the 
ultimate answer* there can be no doubt that Mr. Low’s bocdc will find a present 
wetoome both as a work of reference and as an examination textbook. 

R. C. J. H. 

Urn StekNT larieiL An Introdnotton to Ore Ibeory of Fimotiosui el a 
Oomplex Varlabie. By P. Dienbs, Reader in Mathematics in the 
University of London. [Pp. xii + 55s.] (Oxford : at the Clarendon 
Aress, 193*- 3o«* net.) 

TSB subtitle of a book is often more illuminating than the title itself. Hilaith 
Belloc once wrote a book whose title I have forgotten, but the subtitle sticks 
in my mind. It was seductively '' called for the purposes of sale, Caliban’s 
Guide to Letters,” and in the vernacular, I fell for it. Incidentally, I repented 
me of my bargain. 

The present work, called The Taylor Series, bears the clarifying subtitle, 
An Introduction to the Theory of Functions of a Complex Variable, and that is 
exactly what it is. It mak^ no pretensions to being a guide to the theory or 
application of particular functions, such as Bessel, Legendre, Hypergeometric, 
and so on, to which special works are devoted. It may be wondered why in 
that case the book runs to no less than 520 pages of reading matter. If it 
ware possible to compel every soi-disant mathematician to study this work, 
many of them would get a wholesome shock. There are many well-paid 
nmttematicians to whom even the ideas of Cantor are a closed book. 

The fact is that the subject grows, it expands, it ramifies, it is alive. It is 
true that we have only one school of mathematicians in England ; but they 
have no monopoly. The fundamentals of this subject are ^ continental in 
thi^ origin, and from the European continent have come many of the major 
contributions of later date ; so much so that a sensitive soul might be unduly 
depressed by the relative dearth of English contributions. But America has 
added her quota, and if French names and papers preponderate, well, as that 
naughty pi^te, Laurence Sterne, remarked in a difierent connection, ” they 
order these things better in France.” 

The moral is that unless one reads pretty widely and continuously the 
lapse of a few years finds one rather badly left. Dr. Dienes has placed 
English-speaking students and mathematicians under a debt of gratitude by 
an ably execuM and thoroughly painstaking piece of work. With com- 
mendable generosity he is almost lavish in his acknowledgments of the 
assistance rendered by others ; but the work is obviously the outcome of years 
of assiduous devotion to a difficult task, and the result is altogether admirable. 

The author rightly states that no great mathematical armament is needed 
for the major portion of the book, and the treatment follows the lines of 
Cauchy and Weierstrass rather than Riemann ; which is not to say that 
Riemaan’s ideas are ignored. There is a liberal supply of exercises for 
practioe, and the author is wise in his mode of presentation. Too many 
liters present us with series of arguments to which nobody can refuse assent 
at any stage, only to leave us wondering at the end what it is all about. The 
•ensation of lettkg a highly polished chain of reasoning slip through one’s 
mind pleasurable in itself. In the present work the author tells us quite 
exptidtly in advance what it is he intends to prove. No one can pretend 
tiie subject is easy reading ; rather does the detailed study of it call 
almott for a special type of mind, even a special t3rpe of mathematical 

Ane^ent index and a fairly exhaustive list of errata are evidence of the 
case with which the work has been prepared, and when I add that these ate 
m Um tiaenty«eight pages of bibliography, one sees that Dr. Dienes is as 

efficient a cicerone as preceptor. F. E. RxLToaf. 
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Trlfnnnutrr te Am PkMMori Mmu By J* E. TaoMtwN, B.S. in E.£.t 
A.M.. D^iMurtaiont of Mathematics* Pratt Institttte, Brooktyn. (Pp. 
% ji04*] (London : George Routledge A Sons. 68 Carter Lane, 

EX.4* I931. Price ys, 6 d. net.) 

AfMUBMtIe lor Oe Pnurtioil Man* J. £. Thompson, B.S. in A M., 
D e par t ment of Mathematics, Pratt Institute, Brooklyn. [Pp. xiii + 
269.] (London : George Routledge A Sons, 68 Carter Lane, E.C.4, 
I93X, Price 7s. 6d. net.) 

Algrim tor the Praetioal Mam By J. E. Thompson, B.S. in £.£., A.M., 
Department of Mathematics, Pratt Institute, Brooklyn. [Pp. xviii -f 
291.] (London : George Routledge A Sons, 68 Carter Lane» E.C.4, 
1931. Price 75. 6d. net.) 

The Oalenhis lor thePraotioalMan. By J. £. Thompson, B.S. in £.£., A.M., 
Department of Mathematics, Pratt Institute, Brooklyn. [Pp. x 4- 
32 X.] (Ix)ndon: George Routledge A Sons, 68 Carter Lane, E.C.4, 
193 X. 7 ^- 

It is di6&cult to understand the mentality that lies behind the production and 
publication of books such as these. Ostensibly they are a group of books 
that make easy the home study of the working principles of mathematics,” 
and ” the series has been based on an entirely novel principle ” ; they are 
** specially written to meet the needs of the man who wishes to teach himself 
the subject in his spare time, and to apply the knowledge thus gained to his 
business, or trade.” 

Could any phraseology better engender hostility than this ? In England 
at least, the practice of giving a practical trend to the mathematical sl^dtes 
of students who are not specialising in mathematics permeates our educational 
system, from the elementary schools upwards. The time is long past since 
tut excellent mathematician, G. H. Bryan, used so justifiably to rail 
against the t3rpe of man who could only ^ve his answers in ” cosh ixiinus 
ones.” Our teachers, both elementary and secondary, not only learn 
mathematics, but they learn to teach it. The fruit of their accumulated 
exmrience, of their sympathetic understanding of the frequently quite trivial 
dimculties that beset the uninitiated, is that England can show as fine a set 
of textbooks in elementary mathematics as any country in the world. 

The practical man frequently despises the mere th^rician for his nebu* 
losity and aloofness from reality, and if the theorician retaliates with a mild 
contempt for the practical man’s uninspired adherence to mere rules of thumb, 
be does at least give the practical xxian credit for enough sense to come in out 
of the rain. If the practical man decides to learn some mathematics, he will 
first reconcile himself *to the fact that he is in for some tough cerebration. 
His next move will be to enrol at the nearest technical or evening continua- 
tion schooL In the unlikely event of these being too remote, he will take a 
corremndence course, some of which are undoubtedly excellent amd admir- 
ably fitted to his needs. If he is flush of money, he miaht even engage a coach. 

But here we have a publisher and an author worlwg on an entirely novel 
pcinc^ in markets. They are going to cater for those practical ixien who 
are so unpractical as to regain themselves as a set of George Greens and teach 
thamsehres. Well, I give a publisher credit for knowing his business better 
thM 1 can teach it to him ; but I shall be surprised if many peotde part with 
tlnee half-crowns for a book of less than two hundred and fifty pages on 
•xitkmetic ; a book that deals in dollars and cents and fails to reach per- 
Mtage till the last twenty pages ; that tells them three barleycorns are one 
ificli and thirty-six square miles are one township, but fails to tell them how 
ttfi Bgyptian seUe hia cotton or the Roeeian his com. Nor can I see much 
csdt m a boi^ on algebra that gives practically no information on how to 
CttCfi ipU l Sft i n formula, though it gives the information that the name algebra 
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H 4 ecivied from the Atabfaa nmrd vrtiidbi isMils tbe addfttoli and 

•iiMaraetteii of tiie itmo qimntify on bw tidm of $n oqmtkm ** I 

My iympotiky goat out to the man who has to teach fahneelf ; hot if he 
ie wise, ae wQl go to some well-ostaUiehed book that has gone thronj^ a 
•ttflident munber of editbxis to guarantee it being reasonably tree from mis- 
printa. The present set are not particularly attractive, though they contain 
loterSitiiig historical notes. The best I can say for them is uat, stripped of 
their dust-jackets, they look like novels. RsLtoN. 


nmizoi 

A Seithook of Themiodiiiaiiiioe* By F. £. Hoars, M.Sc., A.R.C.S., D.I.C., 
Assistant Lecturer in Ph3r8ics at University College, Exeter. [Fp« 
xii + 271, with 46 figures in the text.} (London : Edward Arnold A 
Co. Price Z5s.) 

Hsiuc is an entirely straightforward, clear, and comprehensive account of 
thermodynamics entirely devoid of any subtlety. It is the author's mis- 
fortune th9Lt of all the physical sciences thermodynamics is the most subtle, 
and it is to be feared that, on this account, his book loses much of its value for 
those who desire to attain a real appreciation of its perplexities. Those who 
must, of necessity, acquire a superficial knowledge of a large part of the 
subject will find here just what they require. The price of the book is 
procNibly justified by the excellence of its reproduction, but the sales would 
probably be greater if the publishers had arranged matters so that it could be 
sold at, say, 6 s, D q. W. 


OoM d’Optiglie. By G. BnimAT, IProfessor in the Faculty of Science at the 
Univexsity of Paris, [i^. ix + 756, with 657 figures in the text.] 
(Paris : Masson et Cie, 1931. Price 100 francs.) 


Ik the absence of any textbook in English dealing adequately with the 
modem science of optics in a maimer suited to the needs of the student 
feadtug for honours, it is necessary to have recourse to books in other lan- 
guages, and among these Prof. Bruhat's new book must take a veiy high place. 
It has three defects : firstly, owing to the arrangement of I^ysics courses in 
France, it omits all consideration of geometrical optics : secondly, it has no 
index ; and finally, there are no references to original papers. This last 
omiaaion is most unfortunate, not only because an honours student should be 
encouraged to refer to the classics of his subject, but also because nearly a 
quarter of the book deals with the results of modem spectroscopic research 
^eluding, for example, the Passchen-Back effect, the Stark effect, and the 
Raman effect), and here references with dates would seem to be essential. 

The scope of the book can be indicated very briefly. Parts 1, 11 , and III 
(pp. x-287) deal with mterfexence and diffraction in terms of the undulatory 
theory. Part IV (pp, 288-390) introduces the reader to the elementary 
phenomena of polam^ light, and then deals with the electromagn^c theory 
lor isotrc^c media (including dispersion). Part V (pp. 391-563) treats of 
anisotropic media and, as already stated, the remainder of the book is 
concerned with the various aspects of spectroscopy. Here, of course, the 
quantum theory is introduced ; but the treatment of the theory of dispeiitod 
mUowi the lines laid down by Drade, and the author omits any account of the 
application of the methods of wave mechanics, rightly considering t^t, at 
pteseni, these should be relegated to the post-graduate course. 

The treatment throughout has the clanty that we have the right to e imect 
pom an experienced teacher. The diagrams are exceptionally good, and am 
pfpvided whenever they can help to an understanding of the text (se^, ior 
the set of 12 figures illustrative of the use of Micheisan^s iiotlsf* 
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tmmilM). llwflreiudiitqaitaemtoxead.uidBlwQldpiMentbtttlittie 
difficulty to the average ituoeat. The price of the book is very reasonable, 
and it deserves serious consideration by those seeking a good modem textbook 
on optics, 

D. O. W. 

An inirodiioUoii to AppUed Opttos. By L. C. Martim, D.Sc,, A.R,C.S., 
D.I.C. Volume I. General and £%3r8iological. pE^, ix + 324, vnith 
200 figures in the text.] (London : Sir Isaac Pitman ft Sons, 1930. 
Price 2X5.) 

Ox* of the difficulties met with by those who have to teach Geometrical 
Optics as a part of an advanced course on Light is provided by the gap which 
appears to separate the usual academic theory from the practice of the lens 
computer. It is true that a number of treatises dealing with the subject 
in its technical aspects are available ; but these arc not suited to the use of 
readers who want to know something about the design of optical systems 
without putting ^eir knowledge to any immediate use. Dr. Martin's book 
fills this gap admirably and. while serving as an ** elementary " textbook for 
the embryo specialist, it will be chiefly welcome as a link between the academic 
course and optical practice. 

The book opens with an account of the general theory of optical systems ; 
this is followed by enough of the theory of interference and difl[raction to 
enable the student to understand the application of the wave theory to a 
discussion of the defects of the optical image. Next comes an account of the 
eye and of the phenomena associated with vision ; a chapter on polarisation 
and double refraction ; another dealing with the properties of glass, and 
finally a long discussion of the optical defects of the eye and their correction 
by sjMctacles. 

The "General Theory," *.#. that usually treated under the heading 
Thick Lenses." is dealt with in a notably simple manner on the lines used, 
s.g., by ^arle in his Experimental Optics, The sign convention adopted for 
^ngths is that used in ordinary coKnrdlnate geometry, the angle convention 
IS less familiar. These conventions are formulated on p. 17 ; but not until 
p. 40 is there any critical application of the distance convention, and here the 
aulhor contents himself with the statement that " the equations below are in 
accordance with the sign conventions now in use (p. 17)." Both here and on 

« - ^hr- - -■ ' ^ 

helpful in view of the notorious difficulties which signs pro^de for the student. 
Th^ is an unimportant slip in Fig. 18, where the object and image points B, 
ai^ B^ should be in line with the centre of curvature C of the spherical 
refiacting surface. 

Chapter IV, on the " Defects of the Optical Image." is undoubtedly the 
most important in the whole book for the student of physics. It presents in 
a dear and simple fashion — and in a reasonable space — ^the essential points 
of a very complex subject. The sine condition might perhaps have been 
treated at greater length, and the reason for adopting Conrady's somewhat 


BdMm). and a little discussion of these would have been helpful, 
ixr chapter on phydological optics includes an account of contour acuity. 
wecMT • law. glare, and. of course, definitions of the terms in common use. 
book is intended for students of physics, such terms as synapse might 
explained, and the secnon of the retina shown in Fig. 88 
eonke indication of the scale, lest the reader unfamiliar with l^to- 
flecttons is left wondering how any light reaches the layer of rods 
end ceims tJrtough the six layers above it 
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11m MBd fw » t>Mk of tbb Uad liM bMa obvioos fitf maay iwMR, to^ 
fiwtniwto tiMt tidt aoad hw boen ntmdied by tin Utanuy ildU •ml ocptct 
kwmledee p ow w we d by Dr. IfartiB. I>. o. Vf. 

O oi at ltatto B fli Atonie VncMi tad KaJtoaoHHtr. By C. Gamow. (1^. 
iv + 114.] (Oxford : at tlw Oareadoa PreM, 1931, Price 10*. 64 . 
net) 

Tbs study of the atom, both by experiment and theory, has been the absorb- 
ing interest of physicists, and has met with such success that we appear to be 
on familiar ground, at any rate, in its outer regions. Recent discoveries may 
suggest that things are not all they seem, but the laws of electronic behaviour 
in the outer atomic region are known, and have stood the test of experiment. 
In contrast with this detailed exploration the nucleus remains a comparatively 
unknown territory. Thus an authoritative book on the nucleus is a welcome 
addition to atomic literature. 

The word '* constitution '* in the title raises a hope which the book hardly 
fulfill. Nuclear constitution is not the important feature of the work. The 
volume is divided into four sections dealing respectively with the constituents 
and energy of nuclei, with spontaneous disintegration, with excited states, 
and witiii artificial transformation. 

Of these the sections on disintegration and artificial transformation 
i^>pear to us the most interesting. 

The chief feature is the treatment of a-disintegration with the deduction 
of the Geiger-Nuttall law. This work, which is due to the author, ranks as 
one of the most brilliant and original applications of wave-mechanics, and is 
a striking confirmation of the view t^t the wave-function represents a 
probability. 

References to experimental work are given in the text, but not to theoreti- 
cal rapers. This is to be regretted in a work of this kind. 

Research upon nuclear constitution is inoceeding actively, and we mav 
hope that our increased knowledge will justify a further edition of tlm book 
at no distant date. Funt. 

Waafylai of Blaotfktty. An Intermediate Text in Electricity and Magnet- 
ism. By Lbigh Page, Ph.D., Professor of Mathematical Physim in 
Yale University, and Normam Ilslby Adams, Jr., Ph.D., Asst. 
Professor of Physics in Yale University. xii + 630.] (London : 
Chapman A Hsill, 1931. Price ais. net.) 

Xm our opinion, this book represents a worthy addition to those textbooks 
On electricity and magnetism which are usually to be recommended to students 
who ate reading physics as part of a course for a pass or general B.Sc, degree. 
It may, however, bis argued that the book is somewhat biased in favour of 
•j^plied electricity, that it bears evidence that its subject-matter has been 
somewhat hastily assembled, and that from it have been omitted altogether 
osrtain important twanches of eleetrieity and magnetism. It show be 
added that vector notation is emidoyed throughout. 

Yet these posaitde oriticiMns are not sufiteient to cause us to loee eight of 
the fact that the authors have made substantial efforts to give studeata an 
adequate introduction to the princtolee of electricity and magnetism, wtthokt 
leaving tin more difficult ihetxetical aspects of their apphcation eevnrely 
atone. Thus, for examj^, when dealing with tiie magnetic field prodneed by 
aounrentfiowinginaorcularcoil, the reader is not permitted to forget that 
a npra a s to n i tor w field at pointi off the axis of the cwl are deeirabia. Again, 
tin eatonlation of the etif-induetence of a aimple aolenoid is more oemplstefy 
eat fiarfb in these pages than is uenally the case in such textixxdn, 

Thera era a tow remarks which tiiould be borne in mind in oante nip l a tiiat 
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a futuTift edlttoi. The aectioii on dielectrice is marked by clarity and con- 
risanais, but we leel that, in view ol the importance of the subject, mere 
adequate leferenoe to the experimental determination of dielectric oonstanls 
•hotud be provided, and that some indication, if only an indication, of the 
Debye theory of the temperature variation of the dielectric constants of gases 
and kquKto is necessary. 

A s i mil a r remark applies to the treatment of the theoretical aspects ol 
paramagnetism and ferromagnetism. The theoretical treatm<mt of diamag- 
netism follows the original theory given by Langevin in 1905. Perhaps the 
authors feel that more recent tbe^etical developments have not really helped 
in our unders^ding of the problem, but, at any rate, it is pMsibk that some 
slight indication of their nature would be interesting and stimulating. 

Very much attention is given to alternating-current circuits and to elec- 
trical oscillations. In fact, these chapters alone make the book a valuable 
supplement to existing textbooks. It is, however, surprising to find that no 
description of a cathode-ray oscillograph is given, ^though the Duddell 
instrument is described. 


A valuable feature of the book is the excellent series of examples which 
are so frequently found, not at the ends of whole chapters, but at the ends 
^ quite short sections, so that the student is automatically given helpful 
indications of the theoretical basis upon which particular problems must be 
tackled. Angers to the problems are also given. 

The book is excellently printed and illustrated, and we commend it to the 
attention of all University teachers of physics. L F. B. 


A Ihort ffistory of Atomism. By Joshua C. Gregory. [Pp. 258.] (Lon- 
don : A. A C. Black, 1931. Price los. 6d. net.) 

With more than two thousand years of history behind it, the atom is easily 
the most venerable of the concepts of physical science. But its history, like 
that of o^er things ancient, is chequered ; and for many centuries atomism 
was in disrepute. Since the seventeenth century, however, the atom has 
been in favour — ^more or less — ^because, as Mr. Gregory says, “ science can 
neither believe wholly in it nor do without it." 

Few readers will ^erefore fail to be interested in this history of atomism. 
After mentioning the tradition that asserts that Mochus or Mosebus, a 
Phoenician, was tiie first atomist, Mr. Gregory goes on to trace atomism from 
the times of the early Greeks, Leucippus and Democritus, in the fifth century 
B.C., through the systems of Plato, Epicurus, and Lucretius, until it fell into 
disfavour fowards the end of the second century a.d. During these seven 
centuries, however, many philosophers had already rejected atomism, because 
could not admit a void in things and because a world richly endowed 
witb qualities appeared to them inexplicable in terms of atoms without 
qualities. 

During the Middle Ages atomism was practically abandoned, and it was 
not revived until the seventeenth century. Even then the atom returned 
only in disguise, as a divisible and deformable corpuscle in the Cartesian 
mnohaniim. But the acceptance of Descartes' system and the distinction 
ttjMe by Boyle and Locke between primary and secondary qualities prepared 
™ to speculations more frankly atomistic. Finally, the triumphs of 
Newtonian dynamics in the eighteen^ century encourag^ the replacement 
OJooepusdes by indivisible particles, and at the end of &e century Dalton’s 
theory was to some extent anticipated by William Higgins. 

^Inen foHowi the detailed history of atomism in the nineteenth century, 
w w Dalton’s quantitative atomism to Sir J. J. Thomson’s discovery of the 
Syyy*! oonhludfng chapters discuss the various atomic models 

century and the recent applications of quantum 


i6o SCIENCE ^PROGRESS 

Ux. book Is a valosblo eootribotim to tbs historjr erf idiw i w 

aiid H be wHh profit bv Iboss whose ktemt {a scisfioo to 11^ 

wUbiii tbo asdorow bounds ox ihs pcssent TJxil(»rtimately, bowmr, lir» 
Gregory*# stylo is heavy : and much of his i^riting is q;)oi]ed by the nse of 
archatMns and words of his own coining. 

D. McKm. 

IHdiotfto Constant and Molaoiilar Mmotaia. By C. P. Surru, Associate 
Professor of Chetnistxy in Princeton University. 2x4.] (New 
York : The Chemical Catalog Co., 1931. Price $4.00.) 

Tan pnUication of Delye's article on magnetism in the Bandbuch dir Radio* 
logie, in 1926, was undoubtedly the cause of many new aeries of investigations. 
In particular, it was in that article that he gave an outline of his theory of 
the temperature variation of the dielectric constants of liquids, in which be 
introduced the conception of molecules endowed with permanent electrical 
moments. This conception had an important bearing on the problems of 
chemical structure, and the experimental determination of dielectric con^ 
stants has become of considerable interest to ph3rsical chemists. 

In the book before us the author has pi^arily considered the needs of 
the chemist, for whom he has provided a simple outline of Delye's theory, 
avoiding the more complicated mathematical treatment assodal^ with w 
theory of anomalous electrical dispersion and the like. Consequently, tie 
earlier chapters form an excellent introduction to the subject for those 
dxmnhts and physicists who have not previously been interested in it. 

In ad^tion, the author gives a very readable presentation of the mate 
experimental metiiods and technique now employed. He starts with the 
method devised by Drude, and des^bes the simple Lecher wire system. It 
Is to be xegretted ^t in this connection he writes of nodes, without iqpecif3rixig 
whether they are nodes of potential or nodes of current. 

The Nemst capacity bndge, together with the technique adopted in the 
author's laborato^, are fully described. It is felt that more space could 
profitably be devoted to the resonance method, which Lattey and 
have shown to be so effective with conducting liquids, and Appleton and 
Childs with ioxiiaed gases. Particular attention is, however, devoted to tbo 
heterodyne beat me&od. 

Only brief mention is made of the molecular beam method of measuring 
electric moments. A short section is devoted to condensers or measuring 
0(dls, but only one diagram of such a cell is given ; more dllgrams would be 
helpiful in this case. 

Indeed, more than two-thirds of the book is occupied by the discussion 
of ^ relation of electric moment to molecular structure. The princtete 
underlying this relation, as far as they are known, are clearly outlin^. 
portion of the book is, of course, mainly of interest to chemistB. Msny of 
tile suggestions advanced are rather sp^ulative, but they are stimulating 
and should lead to further researches. 

A very usj^l list of electric moments is given in the appendix. Befer* 
anoes to original sources of inlorxnation are everywhere adequately quoted. 

L. F. R 

PtoiBgtoBri Analftii* By P. W. Brxdomak, Professor of Physfes in 
Harvard University. [Pp. 1x3.] (New Haven: Yak University 
Press. London: Oxford university Press. Price 24#.) 

Ttas is a revised edition of a book v^iioh appeared first in 1922. The sub* 
itiiioe of it was given as a series of five lectures at Harvard University in the 
iprtxlg of i920 ; only a lew modifications have been made in thisihsvisad 
eiUtML Tta author has endeavoured to give a convincing exposition of bis 
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vimt Oft ibe fmb}eot« but finds to his sumiss that he has not succeeded In 
temoviaf the sul^ect out of the realm ox controversy. The reason for this 
af^ears to be that on the special points which are essentially his own he is 
rnone than usually obscure. He doubts Fourier's requirement of homos^sneity 
of dimensions, because it is possible to write for a falling body s -he* 
this equation is satisfied at every instant, and yet is not homogeneous. Such 
an equation^ however, can never arise in a physical investigation ; it is, in 
fact, two hodiogeneous equations arbitrarily rolled into one, each being 
satisfied. If this is recognised at the outset, much quasi-philo- 
sophical entanglement can be removed. 

In brief, the book cannot be regarded as a happy exposition of the subject. 
Hany of the pages simply lead to bewilderment. It certainly cannot be 
recommended to a beginner even if the price (245. for X13 pp.) would not 
itself 1)0 prohibitive. ^ W. Porter. 


cnniMZsniT 

Inorganio and nieofetioal Chemistry. By F. Sherwood Taylor, Ph.D., 
M.A., B.Sc. [^. xii 4- 818, with 19 plates and 193 text-figures.] 
(London : William Heinemann, 1931. Price 12s. fid.) 

Dr. Sherwood Taylor has here written a book that will establish his repu- 
tation as a sound chemist and a capable teacher. There are not many books 
to bridge the gap between higher certificate work and university courses, but 
those engaged in teaching science know quite well that the average successful 
candidate at the higher certificate examination is frequently too immature in 
outlook to plunge directly into a degree course. Dr. Taylor's experience at 
Holt and at Repton has enabled him to gau^ with nicety the kind of treatment 
that will lead the young student to pass imperceptibly from the necessarily 
and properly juvenile chemistry of the schools to the adult study of the 
shbject. As a work of reference on the shelves of the school science library, 
as a textbook for tmiversity scholarship candidates, and as the vade mecum of 
undergraduates reading for a degree, this book should find a wide sphere of 
useful service. Its general atmosphere is distinctly au courant du jottr, 
although without sacrifice of critical appreciation of the past ; in fact, the 
book as a whole unmistakably shows its author to have read chemical history 
both widely and deeply. There are some excellent plates, and an adequate 
index, but many of me figures in the text convey an impression of meazmess 
and are not up to the general level of the rest of tne production, which is high. 
There is a noticeable absence of misprints, though Phillip (p. xo) might be 
changed to Philip in the next edition, and there is no longer any sound reason 
for editing Raymond Lully with " notable advances " in chemistry. More 
might usefully have been said about the theory of complete dissociation, since 
the theory of Arrhenius is now of mere antiquarian interest, but, in general. 
Dr. Tayto is to be congratulated on a fine piece of work, and his publishers 
on the very satisfactory formai, 


By Ernest S. Hedges, Ph.D., D.Sc. [Pp. vii + 272.] (London : 

Edward Atnold & Co., X93X. Price X 25 . fid. net.) 

author in his preface states that this book has originated from lectures 
^ven at Bedford College in response to a wish for a non-mathematical text- 
book expressed by his students. He strikes an unusually sanguine note in 
aome further remarks : . There are, perhaps, few branches of physical 

icieiice where it is possiMe to get a better mental image of the processes 
inyotved, This visual impression is to be gained, not by regarding the 
fi p lWdal system as the unit, but rather by considering the processes from the 
Mint of view of the colkfi^ particle itself.'* This is perhaps a little too 
hopeful : the student may perhaps manage to form a *' visuaJi impression ’* 

II 
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to d 0 ioin(fti^«ay«|»liKtiM Md almoit lmpoii 0 >la 

of 0 gel To the Utter syttsmsi by tiU wav, the au&or quite 
devotee a Urw pr op ortion of hU text than is usual* 

On the whole, however, he proceeds on orthodox Imea : an introduotion 
U followed by chapters on coUoida aa jpolyphase systems ; the formation of 
colloid partk^ ; genera! characteristics of colloid systems ; electrical pro- 
perties of colloids ; practical methods of colloid investigation ; classification 
of colloids; stability of colloids. Only at this stage does he devote a chapter 
to adsorption, an arrangement which the present reviewer (who himself 
adopted it long ago) thinks quite sound, since the student of colloids wants to 
know, and can be told, a good deal about them without, or at any rate before, 
being confronted with a vast amount of experimental and theoretical matter, 
the bearing of which is none too dear. The author then deals with hydro- 
phobic and hydrophilic colloids, non-aqueous colloids, and at some length 
withgek. 

The language is easy and simple, without being loose, and the reader is 
not given too much in the way ot theory or of theories,'" if the distinction 
may be permitted. Occasion^ obiter dictSL of a speculative nature may be 
qu^oned, as, s.g., the suggestion on p. 157 that ** the results [of viscosity 
measurements] may be afiected in some cases by quite distinct processes, 
such as the adrorption of the colloid by the rotating cylinder in the Couette 
apparatus, thus increasing the roughness of the wall."' That even macro- 
some roughness has no effect in apparatus of this t3rpe was shown by Coulomb 
well over a hundred years ago, and an adsorption amounting to roughness 
would certainly have a far more disastrous effect m a capillary. 

The book takes into consideration quite recent literature, as far as it 
comes within its purview. It is well printed, illustrated, and indexed, and 
fonns a useful adoitlon to the pedagogic literature of colloids. 

E. H. 

nifioctttselie Otundligiii der organiichen Chemto, By Waltkx HOckel. 
Two vola. [Pp. xii + 410 and iv 4* 352.] (Leipzig : Akademische 
Verlagsgessellschalt m.b.H., 1931. Ptice 44 M.) 

OxoAMXC chemistry in the last fifteen years has undergone remarkable 
changes ; at one time it seemed that little more remained to be done in this 
field except to elaborate the methods of the classical workers, to apply its 
technique to the study and synthesis of substances of biological importance 
and to prepare compounds of use in medicine, the arts, and industry. In- 
st^Ml there has been a great influx of new ideas and a subject which appeared 
exhausted now offers almost endless problems for solution. The introduct^ 
of the electron has produced a crop of theories to explain tautomerism, con- 
jugated double bonds, substitution in the benzene ring and the formation of 
chmte compounds, and the experimental results bom of these theories have 
shown how inadequate were the explanations of twenty years ago. Similarly 
atereochemjktry, after a period of stagnation, has mads great progress owing 
to a better realisation of the geometrical basis of optuM isomerism. Many 
other examples could be quoted, but these are suffiemt to indicate that text- 
books of ten years ago which dealt with the fundamental notfons of orga^c 
chemistry are now out-of-date. Prof. Hfickel has attempt^ to remedy this 
state of affairs, and at present his work holds the field as tl^ only modedm text- 
book dealiiig with the principles, apart from the synthetic and deecriptive 
•q^eets of organic chentbtty. Practically the whole field is covered, a^ to 
stments of organic chemistry to whom German does not present di&ultte 
the book is almost a necessity. 

Jn a short review it is impossible to deal with each subject, but it may 
be usefel to indicate thoee mentfoned. In Vol. I the prindpal topkks are 
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gtorvochaoiii^ and the ttrain theory, molecular organic oompounda, ln« 
duding ooKirdInation compounda, free radicab, tautomerism, intramolecular 
seaxtangement, the Walden invexaion and allied changes, unsaturated com- 
pounds, and aromatic compounds. The fundamental ideas underlying the 
above phenomena are discussed and much recent work described. Vol. 11 
deals with the relation between physical properties and chemical constitution, 
introducing most of the modem conceptions. 

ExceUmt though the book is, it is not without its faults. The chapter on 
stereochemistry is somewhat old-fashioned in outlook, as the asymmetric 
carbon atom is invoked, and a lengthy explanation is given to show that 
both bexahydroterephtludic acids are internally compensated; a much 
simpler and sounder treatment is the consideration of the symmetry of the 
momule as a whole. 

BCany of the modem developments in organic chemistry have arisen in 
the British schools, and Prof. HUckel does not difier from other continental 
authors in his comparative neglect of the work there done. In this connection 
one may mention that there is no adequate account given of the work of 
Thorpe and his school on the strain theory, most of the chapter on this 
subject being devoted to the theory of Sachse and Mohr. Similarly the 
application of electronics to organic chemistry by Lapworth, Robinson, and 
Ingold receives scant consideration. 

O. L. B. 

OqUoU A«peots of Food Chemistry and Technology. By William Clayton, 
D.^. (Liverpool), F.I.C., Chief Chemist and Bacteriologist to Messrs. 
Crosse & ^ckwell. Ltd. [ 1 ^. viii + 371, with 64 illustrations.} 
(London : J. & A. Churchill, 1932. Price 36s. net. 

A TXXTBOOK dealing with the colloid properties of food-studs is long overdue, 
and the author is to be congratulated not only on supplying the deficiency, 
but for doing it in so eminently successful a manner. Anybody who has 
given the subject the least thought is well aware that Food Chemistry bristles 
with colloidal problems. To ascertain what work has been done on any par- 
ticular aspect of the subject is, however, no easy matter, since the literature 
is very much scattered ; the appearance of the present volume, however, 
clears away much of the difficulty of consulting original papers, since the 
anther has accumulated a bibliography extending over close on 100 pages, 
for which labour he deserves grateful recognition ; the papers quoted are 
culled from every kind of journal, and often from inaccessible research 
bulletins as well as from patent literature. The subject-matter is divided 
into thirteen chapters, dealing amongst other subjects with the chemistiy of 
the proteins, agar and gums, cereal chemistry, emulsions, the colloid chemistry 
of milk and of sugar technology, jellies and jams, freezing and thawing of 
coUotd systems and the treatment of water and factory effluents. Addressed 
primarily to the food chemist who has not specialised in colloid chemistry 
tad physics, the book will nevertheless appeal to a very much wider public 
of chemists and of students who wish to ascertain for themselves illustrations 
qI the practical applications of principles they have learned in the classroom 
CNT from textbooks dealing with the colloidal state. The book is so clearly 
w rittta , and the subject-matter so well set out. that it may be opened almost 
taywhere and read with interest and profit by those having only a slight 
acquai nt a no e with colloid chemistry, and might safely be put into the hands 
of those who have not previously studied the subject and would learn the 
grindples involved from the applications present^ ; to assist the reader 
thm IS also a useful glossary of terms. The book is enriched by a number 
otiihistxi^ti^ and a wealth of tables and curves, and b very clearly printed ; 
atteqiather a vary excellent production. 


P. H. 
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l&gnrai.] (London : John lAwctwy, X93X. met 6 s. net) 

Tbs autiior hM designed his book for the use of sixth forma, and there is no 
doubt that he covers very effectively the ground required by the publio 
examinations which sixth-form boys are required to take. The fact that 
the author has evidently had the answering of examination questions ever 
in his mind in writing the book will doubtless appeal to those who, under 
our present educational system, are not allowed to move very far from the 
examination syllabus. If it is felt that the shadow of the examination room 
hangs over work, we must in fairness blame those who are responsible 
for unposing examinations rather than the author. 

It is not to be understood, however, that this work is dry. On the con- 
trary, the author has contrived while treating familiar subjects to handle 
them with touches of originality which give character to the work. In dealing 
with definitions, the author has generally shown good judgment in first giving 
an historical perspective and then indicating the extent to which recent work 
has led either to a modification, or a widening, of the concepts. As, however, 
these matters do require some personal judgment, it is hardly to be expected 
that everyone will satisfied. For instance, the suggestion that in osmosis 
a force is operating which pushes the water molecules through the membrane, 
though it contains a partial truth, may, it is feared, lead to misconception, 
even though the author gives a perfectly proper definition of osmotic pressure 
in the following pages. Again, in discussing the electric charge on colloidal 
particles, no mention is made of the fact that the system as a whole is 
electrically neutral, a charge complementary to that on the surface of the 
particles l^ing provided by ions in the dispersion medium. It is feared that 
the treatment given will tend to perpetuate the haxy misconceptions which 
are still very prevalent regarding the process by which colloidal partiebs 
are prevented from adhering to one another. 

Generally speaking, the author has shown a good sense of proportion in 
deciding the amount of sub-atomics to include. But there is surely something 
wrong with Fig. 13 on p. 114, the explanation of which is also by no means 
lucid. In the interests of exactness, it might be well to replace Fig. 1, repre- 
senting Amagat's results, by more exact curves, should the occasion arise. 
If the bottom of the figure represents the axis, the minimum value of P.V« 
is too low and the rising portion too straight for the 60** isotherm. It is also 
a pity that the imperfections in Andrews' curves reproduced in Fig. 2, which 
are now known to be due to traces of impurities, were not either pointed out 
or rectified. There is also bad draftsmanship in the 21*5^ isotherm. 

The book concludes with sixty examination questions selected hrom those 
set since X920. Schofield. 

COiioiiitryt Lifetand Civilisation. A Popular Account of Modem Advances in 
Chemlftry, By Hubert T. S. Britton, D.Sc., D.I.C., F.I.C., Lecturer 
in Chemistry, University College of the South-West of England, 
Exeter. [Pp. vi + 248, with 66 illustrations.] (London : Chapman 
A Hall, 1932. Price los. 6 d. net.) 

Ill this book Dr. Britton describes, in simple language for the general reader 
and the beginner in chemist^, the part that chemistry pbys in modem Ufo 
and civilisation. The earlier and introductory chapters deal with the 
domenta^ principles of the science, and discuss matter, energy, chemical 
combination, acids, bases, salts, and some useful inorganic products and 
|»rocesses. 

Then follow chapters on the sun and its relation to life, the atmospbeie, 
the cbemiitiy of the body, respiration, foods, digestion, vitamins, honuonee, 
anmethetlcs, clothing and paper, agriculture, fertilisers, the nitrogen industry. 
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metab and alloys, otectric furnaces, and the generation of power. In this part 
of the book ur. Britton pa^ special attention to the many and varied 
services that chemistry renders to the daily life of the modem civilised 
conununity by protec^g its food and drink from adulterations and im« 
purities, devising improved methods of cooking, heating, lighting, and 
sanitation, helping to detect the crimincd poisoner, increasing the fertiUty of 
the land, preparing new drugs, medicines, and anaesthetics, fighting diseases, 
improving housing, clothing, transport, entertainment, and a thousand and 
one other things. He shows, too, by reference to modem advances, that 
chemistry is continually ministering to the relief of man's estate." 

Dr. Britton's book is well and clearly written and thoroughly up to date ; 
and beginners in chemistry should derive much profit from the broadened 
outlook that it provides. The illustrations considerably add to its value. * 

D. McKie. 

Indiiatitial Obemical Oaloolations. By O. A. Hougen and K. M. Watson. 
fPp. 492.] (New York : John Wiley ; London : Chapman Sc Hall. 
Price 285. net.) 

The design and operation of chemical plant is an important aspect of chemical 
industry that has not until the last few years been adequately discussed in 
books available to the general run of technical men. Much of the data, too, 
held by the large industrial concerns is of an empirical character, and it is 
only recently that the quantitative aspects have been systematically studied 
and the data correlated. The book under review is a welcome addition to ^e 
literature. The authors (professors of Chemical Engineering at the University 
of Wisconsin) give a full and adequate discussion of those principles of physics 
and chemist!^ most important industrially. The discussion of each subject 
is followed by a concise development of methods for handling such industrial 
problems as may arise in this particular field. Typical problems are solved 
in detail, and batches of problems are given for the reader to do. This method 
should avoid superficial memorisation. A large range of subjects is treated, 
and includes, amongst others, Calculations on Gaseous Mixtures, Crystallisa- 
tion, Thermophysics, Thermochemistry, Distillation Equilibria, and Chemical 
Equilibria. A relatively large amount of space is devoted to weight and 
heat balances, and detailed balances are given for both a chamber sulphum- 
acid plant and a blast furnace. The unit operations of chemical engineering 
are not dealt with. It is unfortunate that aosorption and related phenomena 
are neglected, as these are attracting attention at present. As a whole the 
book places considerable aid before men training for technical positions in 
chemical and metallurgical industry, whether as chemists or engineers. It 
should indeed indicate to each of these two groups of professional men that 
chemical industry is not dependent on either of them alone, but depends 
rather on a careful blending of their respective functions. 

C. P. Warden. 

niyrittd CbmsMxf. An EkaMntary Text, primarily tor Blidogioel ul 

Pvo«mettoil stiidenti. By Louis J. Gillespie. [Pp. ix + 1287, with 
43 text-figures.] (The McGraw-Hill Publishing Co., Ltd., 1931. 
Brice x6r. 6 d. net.) 

It is stated, both in the subtitle and the preface of this book, that it is 
intended for the use of biological students. In no sense is it a textbook of 
physical chemistry, since it h^ no mention of atomic or molecular structure, 
and but the slightest references to the mechanism of chemical change ; so, 
while it might be arguable that many biological students would prefer a 
more liberal treatment of their chemical background, Prof. Gillespie has kept 
rigidly^ Us point, and written his book around the central theme of 
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Som of the oheptors ia the book axe good; for example, the xeviewer 
foond thoee on ** Ewtrical Condnctanoe/^ The Law of Maee Actton/* and 
the eectbn on its appUcation, Buffers ioA Titration Curves,'* and " Oxida* 
tion and Redaction Jratentials ** to be elementary but useful, with the snupfe 
theory detailed but not difhise. Othmr parts of the book have less to racom- 
mnd them: one wonders whether a rather bald and formal treatment of the 
Phase Rufe is really suitable as Chapter 1 of such a book; if a judicious use of 
the calculus is not more helpful than the assumption of i^orance of its 
notation by the student ; and above all, if a biological student should be 
encouraged to regard physics, chemistry, and biology as separate studies ? 
The last impression is fostered in the book by the use of such phrases : '* This 
is proved in Physics *' (p. 258) ; Sodium and calcium have long been regarded 
as antagonistic in biology*' (p. 37); " Physical chemists usually call the 
osmotic pressure the osmotic pressure of the solution, biologists often call it 
more explicitly the osmotic pressure of the dissolved substance. . . (p. 79). 

Speaking of " division of one concrete number by another," it is staM that 
*' it is permissible in natural science, and if * permitted * in arithmetic it would 
greatly facilitate . . (footnote, p. 14) ; " Not only chemically definite 
amphoteric electrolytes show an isoelectric point . . . but also vaiious pro** 
teins, colloids, and suspensions of bacteria and other biological material " 
(p. 210)* Such sentences arc frequent amd become irritating. 

Another quotation will illustrate the author's attitude towards formal 
derivations, an attitude for which there is much to be said, but which should 
be adopted in toto or not at all : " Other liquids are believed to continue to 
spread out until the layer is only one molecule deep. Such a case is not a 
suitable one for the purpose of deriving Antonofi's rule, as the surface tension 
of a film one molecule deep, if indeed it is a fit subject for discussion, is very 
likely not the same as that of a thick layer " (p. 34) ; to which the author adds 
the footnote, " Experienced students do not ordinarily consider derivation as 
proofe of fact, but rather as aids to the undorstan^ng of facts and t^eir 
mutual relations." Throughout the book are to be found a number of 
expressions Ux which a mathematical derivation is given, and perhaps an 
equal number are quoted with no attempt at proof ; thus a good explanation 
of the mass action equation is given, and the Qapeyron equation is only 
quoted ; the electromotive force of cells is discussed in fair detail, but tto 
Gibb8>*Helmholtz equation receives no mention. Even at the risk of alarming 
a nervous student with no knowledge of the calculus, the average student 
wotdd probably benefit by a deduction of these two fundamental laws. Hie 
author's use and explanation of activity in place of concentration are very 
much to be welcomed. 

There do not seem to be enough concrete examples of the application of 
the subjects discussed to the subjects taught in a course on, say, ph3r8iology. 
The xeviewer, enquiring what should be taught to a medical student, was 
that as good an object as any was to enable the student to understand Baylist's 
Pfindj^s of General Physiology ; a very reasonable criterion, but one by 
wiuch the l^k does not succeed. The omission of any account of photo* 
chsmical or autoxidation processes, such as may occur in a cell, also seems 
unfortunate. But probably no agreement will be reached as to what a pro* 
medical student should be taught, and to attempt to produce a textbook for 
hisn must be one of the most thankless of tasks. ^ .j 


B ir to tiBi loiiit ttiiir PetsmihieWon find Impcctaiiee in Puie iaA liidnsWal 
Hhimlltry# By Hubbrt T. S. Britton, D.Sc. Second Edition. 
[Pp. xvi*f 389, with 124 text^figures and 117 tables.] (London: 
Chapman & Hall, X93s. Price 25s. net.) 

A ilOOHX) edition of this book has been required in little more tbaxi two 
yeeix. This is not sutprising, because it has the merit of being paiticidiHrly 
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iiiefid toibefirttnrt* devotad to tbe theory aod pract^ of pH detmninatioii, 
ead partteukrly mterestiiig in the second part» in which the author has turned 
his attention to tiie manifold neceseitias in industry of hydrogen-ion control. 

In second edition, seventy pages have been added, and three new 
chapters. Of the latter, much the most important is that devoted to 
K^dem Theories of Electrolytic Solution ** (we others are entitled The 
Palpitation of Sulphides " and " The Hydrogen Ion Concentration of Hens’ 
and special commendation should be given to this lucid if elementary 
account of modem theories, and to the restraint exercised in dealing only with 
those theories which can relevantly and properly be discussed in a book 
belonging to a series of monographs on applied chemistry. The whole book 
is an example of judicious mixing of theory and practice, enough of the former 
always being given to explain the principles of the latter ; the description 
of experimental methods being clear and complete, but not overburdened vdth 
refinements of technique wldch are always better found when needed by 
reference to the original papers. For these reasons it is an admirable book 
for anyone unaccustomed to making pH determinations, and requiring to make 
them rapidly and satisfactorily. 

The reviewer is sure that the second part of the book will be of ^eat 
interest to many ; but is a little uncertain whether specialists in the subjects 
there referred to might not need to consult specialist treatises, and if this is the 
case, and this section is meant for the general reader, whether some more 
condensation and selection might not have been possible. The author cer- 
tainly justifies his reference to the importance of hydrogen ions in pure and 
industw chemistry. The style of the book is excellent. 

O. H. W.-J. 


oao&ooT 

Engineering Oeology. By H. Riss and T. L. Watson. Fourth Edition. 

[Pp. viii + 708, 88 plates, 253 figures.] (New York ; J. Wiley Sc Sons ; 

London : Chapman Sc Hall, Ltd., 1931. Price 255. net.) 

Tux third edition of this weU-known textbook was reviewed in Scisncx 
Progress, July 1926, p. 155. A number of additional references have bwn 
given and old ones have been brought up-to-date. The most extensive 
alteration is the insertion of a new chapter on the geology of reservoirs and 
dam sites (pp. 4460-446^), a branch of engineering geology which is of much 
importmee, and which has been somewhat neglect^. A number of recent 
reservoir figures in the United States and elsewhere has focused attention 
upon this subject. The topics briefly and well treated in this new section 
are the geological facts bearing on the watertightness of the reservoir basin, 
and the geology of the site of the proposed dam in relation to the safety, 
efioctiveness, and cost of the structure. The latter is perhaps the most 
important consideration, for more disastrous consequences follow from the 
failure of a dam than from the leakage of a reservoir basin. 

The illustrations, as in the last edition, are magnificent. We are glad to 
see tixat the discrepancy which existed in the third edition between pkm and 
section in Fig. 1x7 has now been dealt with ; but the broad sone of fault- 
breeda in Fig. 64 102) is still bordered by undisturbed strata. This book 

holds its place as tne best treatise on engineering geology for English-speaking 
students. q x. 


M i iuiw fc i o| bfiaierixii Osology. By H. Rixs and T. L. Watson. Second 
Edition, [Pp. vii 4* 4x1, 276 figures.] (New York : J. Wiley Sc Sons ; 
London : Chiqiman Sc Hall, Ltd., 1930. Price x6s. fid. net.) 
b ook is a condensation and simplification of the larger work reviewed 
iwOvn tn asaet the requirements of a Driefcr and more elementary course in 
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eogifiMriiif tfidlogf. It it, bowerar^ not a tapHca in iitiiiiattm of flie liiger 
book, lor parti of it have been rewritten, and the rdiative proportioni of 
space allotibed to the varions topics are different The arraagetnent of the 
matter has been changed, and the chapters on building^stone, limes, cements, 
and plasters, clays and clay products, coal series, peti^eum and natural gas, 
and road materials, have been omitted, although references to these matters 
are scattered through the text. The result is a book which we think is even 
better adapted to the work of the ordinary class in engineering geology than 
the larger work. The illustrations, while naturally fewer than in the more 
extended treatise, are just as fine and as weU selected. 

In comparison with the first edition (which was not reviewed in Scibkcs 
Proorbss), this work includes two new chapters, one on the geology of 
reservoirs and dam sites, and one on historic^ geology, both of which are 
identical with the corresponding chapters in the larger work. 

Notwithstanding the fact that the book caters primarily for the American 
student, its statements of principles and illustrative examples will prove of 
equal value to the student on this side. 

G. W. T. 

Btomaniagy Eoonomio CMlogy. By H. Ribs. [Pp. vii + 360, 29 plates, 
136 figures.] (New York : J. Wiley dc Sons ; London : Chapman A 
Hcdl, Ltd., 1930. Price z8s. 6 d, net.) 

This book has been condensed from the author’s larger book entitled 
Economic Gsohgy, the last edition of which was reviewed in Science Pro- 
gress, April 1931, p. 713. The aim has been to make the work short enough 
for a one-term course in the subject. To that end more emphasis has been 
placed on principles at the expense of space devoted to the description of 
individual localities, illustrative examples, and technological details. A 
chapter on subsurface waters in the larger work has been omitted in this. 
The illustrations, as usual in this class of work, are excellent. Thib book may 
be recommended to the student of economic geology, although the type of 
student for whom it is intended would appear to be much more numerous 
in America than in this country. 

G. W. T. 

Ihg ttudy d Bocks, By S. J. Shand, D.Sc., Ph.D.. F.G.S. [Pp. xi -f 224.] 
(London : T. Murby St Co., Ltd., 1931. Price 65. net.) 

Our high appreciation of Prof. Shand^s lively, interesting, and valuable little 
book on the study of rocks is hardly lessen^ by our doubt as to what con- 
stituency the book is really addressed. Mostly it seems to cater for the 
elementary student, but statements such as the lopolith is a saucer-ehaped 
intrusive body occupying a tectonic basin " (p. 16) are introduced at a stw 
when the elementary student can hardly be expected to know what a tectomc 
barin is. Other statements requiring an advanced standard for their 
amHedation also occur, but the general treatment is well within the capacity 
of the elementary student. 

After an introductory chapter on modes of study of rocks, which contains 
a strong plea for more chenucal analyses and th^ fuller use, the igneous 
rocks are dealt with in seven chap^ occupying 120 pages. The sedimentary 
rocks, classified as organic residues, smution residues, crystalline rock- 
residues, and ayptocrystalline and colloidal rock-residues (clays, mud-stones, 
shales, etc.), are then treated in five chapters occupying 48 pages. Finally 
Hbn metamorphic rocks, classified as mvlonites, homstones, and crystalline 
•chlits (with four sub^oups based on the ratio of alumina to bases in the 
dwMCtmstio mineraw are disposed of in two chapters and 35 pages. Proi 
Shand is at bis best in dealing with the igneons rocks; he is not quite so happy 
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i«t bit troatjbotent of tbe sedimentary and metamorphic rocks, althongb tbs 
matMial tbrongbout is good* fresb* and well arranged. 

With regard to tiie ]g;neons rocks, we can agree with Prof. Sband*s stric* 
tuxes on nomenclatorial redundancies, while recognising that tbe evil has 
much abated since the last great spate of new names in lacroix's Min^ralogU 
di Madagascar. His statement that tbe nepheline-syenites are more common 
than tbe true S3renite8 (p. 125), which is no doubt coloured by bis African 
experience, may be challenged in view of tbe abundance of soda syenites if 
not of potash syenites. And was not the original sbonkinite (p. ^4) a 
thoroughly under*saturated rock ? Prof. Shand would prefer to regard the 
common augite- and hyp>ersthene-bearing andesites (in the Rosenbuschian 
sense) as ba^ts on the ground that they carry much pyroxene (p. 98) ; 
but chemically these rocks are very different from basalts. A recent com- 
putation from X14 analyses (Discovery Reports, vol. Ill, 193X* p* i95) shows 
that the average andesite rich in augite and hypersthene contains 59*2 per 
cent, of silica, with 14*3 per cent, of quartz in its norm, while the feme 
constituents including the pyroxenes only amount to 19*8 per •cent. 

** Rock-flour (p. 141) as 8ynon3rm for crystalline n^-residues is highly 
misleading, and does violence to the King's English as a scientific mis- 
appropriation of a popular term. It would apply better to Prof. Shand^s 
Clm IV of sedimentary rocks — Cr3rptocrystidline and Colloidal Rock- 
residues ; but even these are only partly composed of rock-flour, if by this 
term is meant rock-material ground to the finest powder. 

Prof. Shand approves, and rightly, of Goldschmidt's classification of 
metamorphic rocks based on their mineral characters, but makes no mention 
of Eskola's facies classification which carries the same principle even farther. 
He introduces a good new term, marmorite, to replace the cumbrous circum- 
locution calc-silicate-homfels. 

Prof. Shand has accomplished the almost unprecedented feat of writing 
a textbook on petrology containing not a single illustration and only one 
diagram ; and the fact that the reader does not feel any necessity for illustra- 
tion is a testimony to the quality of the writing. The above criticisms of 
detail should not be misconstrued ; they are but spots on the sun of the 
general excellence of the book. This textbook is so good that it should be in 
the hands of all students of petrological science and of its practitioners. 

G. W. T. 

The Pximilplm and Pnotioe of Oeophspiioil ProspeoUng* being tbe Report ol 
the Imperial Geophysical Experimental Survey. Edited by A. B. 
Broughton Edgb and T. H. Laby. [Pp. xiii + 372, with 261 figures.] 
(Cambridge ; at the University Press, 1931. Wee 155. net.) 

This book is the record of two years * experimental work in Australia on 
investigations of the applicability of the four principal geophysical methods — 
mvitational, electric^, seismic, and magnetic — ^to the location of mineral 
deposits and underground structural features. It is a handsome volume, 
carefully produced and well-printed. The field parties, although not very 
adequately equipped, carried out extensive work in the six Australian States, 
under the leadership of Mr. Broughton Edge, and his deputy Dr. £. S. Bieler, 
who most unfortunately died suddenly during the progress of the Survey. 
Both these gentlemen were great authorities in relation to the electrical 
methods, and it is therefore not surprising to find these methods forming the 
principal feature of the work undertaken. 

Certainly on the electrical side the report is the most authoritative state- 
ment of theory and practice that has )rct been published, and will be regarded 
as the standard worn at any rate for those de&ing to read in English. The 
nther seotkmi, although not so outstanding or complete, will nevertheless be 



IfO 


SCIENCE PRO&RESS 


UmnA «Mfel slid, for they cociteia atnmdaiice of those detaUe of field m* 
ceduiB and iiietniment mwptilaticm ediich ace so often neglected In pnbStea* 
tions on the tnbject. 

ae it does, ol^^o^ce or less distinct partsf first we fod chapter 
dealing with the essential principles of the various methods, but devoted 
mainly to field practice and the interpretation of the results obtained. Part 
II contains fuller treatment of the theories of the methods and of the instru* 
ments employed in them. Koughly, we may take Part I as being for the 
geologist and Part II lor the physicist. 

There is little that calls for criticism, but there should perhaps be noted the 
frequent specification of the units of measurement after the symbol in 
expressing a physical quantity, as, for example, a mass of nt gm. This is 
alwa3r8 unneoessa^, and sometimes definitely incorrect, as on p. 280, where 
we find the equation — 

i 


ft,- 


1*13 ^ gauss, 


and later : If t « 3 amps and a — 500 m, then ft, - 6*8 x 10-* gauss.** The 
S3rmbolfl i and a are mere numbers in the first statement and physical quantities 
in the latter, which is accordingly inconsistent with the first. It is certainly 
to be preferred that the symbol should itself include the unit. 

A certain looseness of expression also sometimes appears, as in the 
statement on p. 310, with reference to the topographical corrections necess^ 
in gravity surveying, that ** the assumption is then made that the variation 
of height from one circle to the next in any given azimuth is proporHonal to 
the raduU distance from the siaiton** [The itahcs are the reviewer's.] What 
is really meant is that mihin the Itmtis of the intefval between two adjacent 
circles, the h<^ht of the ground is a linear function of the distance from the 
station, actual proportionality, which would be absurd, not being involved. 
But the rarity of such errors reflects the care and skill with which the editors 
have done their work. 

It cannot be claimed that the methods employed in the Survey were 
uniformly successful. This was, indeed, scarcely to be expected, for the 
purpose of the expedition was to test methods and report without bias upon 
them. Notable successes have, however, been obtained, and, what is at 
least equally important, the work under the stress of field conditions has 
indicate definite lines of improvement in the construction of instruments 
and in field procedure, which are likely to lead to still greater achievements 
in the future. Unfortunately, the report has appeared just at a time when 
the large expense of these further investigations cannot be undertaken, but 
there can be little doubt that before long the results of this Survey will serve 
as a new starting-point in Australia and possibly in other fields. 

A. O. Rankiks. 


Mint Thfriology. With fstesnoe to the Oreen Plant. By Edwix C. 
Huxxa, Ph.D. [I^. xxiv + 900.] (London : McGraw-Hill Publish« 
ing Co., 193 *- Pric® 35 *‘ “«*•) 

This book, although its title suggests that it is a comprehensive textbook of 
idsa phys&obgy of the green plant, is largely confined to the metabolic aspects 
of phy^logy ,* the phenomena of irritability and movement, in which such 
great advances to our knowledge have been made during recent years, are 
notoonsidmed. 

In his preface the author states that it has been his intention to summarise 
the more important findings of English, American, and Conthieutal plant 
physfcflogisti. As regards plant metabolism, it may be claimed that I 3 be 



REVIEWS 17 ! 

siitliorbastis^gdy«ttOC0ed^ puipoae, and the b(x>k contains sum^^ 
of an enormous number of plant physiological works. For this reason it cannot 
to te of use to advanc^ students of ph3rsiology. On the other hand, the 
very wealth of citation gives the work in places the appearance of a mere 
collection of abstracts, with the con^uence that principles are apt to be 
obscured in a mass of detail. Thus in the chapter on Respiration in Plants 
the results obtcdned by numerous workers on the effects of temperature, 
moisture, injury, kind and age of tissues, aneesthetics, concentration of oxygen 
and carbon dioxide, various salt solutions, light and electricity, are all detail^, 
but nothing is said of the important work of Neuberg on yeast fermentation 
and its bearing on the mechanism of respiration, while, ^though a passing 
reference is made to Blackman's recent work on respiration, no account is 
given of his theory of the respiratory process. 

The essence of the matter probably is that the author has attempted 
to treat his subject as one would do in writing a monograph, and plant 
metabolism is too large a subject to be treated in this way in a single volume, 
even in one of 900 pages. In the opinion of the reviewer a more satisfactory 
result might have b^n achieved had the author attempted more selection 
from the great mass of material available, with the object of emphasising the 
principles of the subject. However, Prof. Miller has certainly rendered plant 
physiologists a service by bringing together so much information on the 
physiology of the green plant. ^ ^ 

FkM ol Surrey* By Charles Edgar Salmon, F.L.S. Edited by William 
Harrison Pearsall. [Pp. 688, vrith 9 plates and 2 maps.] (Lon- 
don : G. Bell A Sons, Ltd. Price £^ 2s.) 

In spite of the inroads of the builder, Surrey can still boast of a wide and 
varied flora, due partly to the geological peculiarities of the county, and the 
fact that it is so rich in commons. The late Mr. Salmon's account of the 
flowering plants, ferns, and Characoae of the county he knew so well has been 
eagerly awaited by field botanists for many years, and will now form a welcome 
addition to their libraries. 

The book opens with an account of the Topography and Climate of Surrey 
by Mr. W. F. Taylor. This is followed by an able sketch of the Geology of 
the county by Miss M. C. Crosfield, F.G.S., the value of which, however, is 
somewluit lessened by the fact that it was written in 1920, since when much 
important and detailed work on the subject has been done throughout the 
country. The introductory part of the book also includes an Outline 
History of Botany in Surrey,*^ by the late Prof. G. S. Boulger, F.L.S. 

The flora itself contains particulars relating to over 1,250 plants. The 
stations given in the earlier part of the book (up to p. 550) are very 
nomerous. In the latter part, printed after Mr. Salmon’s death, the 
editor has omitted many records now only of historical interest, and has 
condensed the matter very considerably. This unevenness is regrettable. 
If the numerous early records given in the first part of the book are of value, 
si mil a r records for the species dealt with in the latter part would have been 
equally valuable and should have been included. If, on the other hand, 
Tecorda of this t3rpe have ceased to possess living interest, then the reader’s 
time and money axe being wasted by their inclu^n in the early part. How- 
ever, these 550 pages had been printed before the author's lamented death, 
eo that no condensation of the matter contained in them was possible. 

As to the records themselves, field botanists who know Surrey will find 
few, if any, stations for plants of interest have been omitted, at any rate 
in 590 pages. 

la the latter part of the book, however, all Surrey botanists wUl be sur- 
prised it tte omission of the station *' between Tot Hill and Micldeham '' for 
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lUmm Mmtkipm L., aince this place ajppears to be wtH kiiowii**-' 4 oo welt 
kaown» indeed, for it is difficult ever to md a plant in flower there. 

Many of the statkms are given in very guarded language, with a view, of 
course, to save rare plants from extennination by rapacious coUecton. 
Keverttieless, this cautiouwiess will irritate field botanists who desire to 
aee acme of Surrey's floral treasures in their native haunts. 

The Byfieet station for V 0 ronica tfiphyUos L. is given, but the plant Is not 
numbered, Mr. Salmon not having considered it to be indigenous to Surrey* 
The recently discovered Bromus wittanicus 1, A. Williams is not mentioned. 

A Revision of the Genus Rosa," by Lieut.-Col. A. H. WoUey-Dod, is 
included at the end of the book. Rsdgrovx. 


Meota rangoinim Oaipologia of the Brothers L. B. and 0. Tnlasne. 

trans. by W. B. Grovb, M.A. Edited by A. H. R. Duller and C. L. 

Shear. Vols. [Pp. 66-758, with 61 plates.] Oxford: 

Clarendon Press. Price £6 65.) 

The original of this work was published by the Tulasne Brothers in the period 
from x86z to 1865, ^<1 nu^y concerned with establishing the then novel 
idea that some species of Ascomycetous fungi were of a polymorphic 
character with respect to their reproductive organs. The remarkable 
capacity of Louis Tulasne, the elder brother, as an observer, and his capability 
in recording his observations in exact description, were peculiarly suited for 
the development of a point of view that was of a revolutionary character. 
Moreover, his younger brother Charles was a highly skilled draughtsman, as 
the beauty of the illustrations to this work sufficiently attest, and was 
exceptionally gifted as a microscopist. The collaboration of these two 
talented mycolorata resulted in the production of the Selecta Fungorum 
Carpologia which contains detailed descriptions of a large number of 
Ascomycetous fungi, whilst the engravings on copper, at once beautiful and 
exact, presented nearly 1,100 separate drawings on the 61 plates. 

The present volumes are a translation of the Latin text of this historically 
important work by Mr. W. B. Grove, who, in rendering the original into 
English, has nevertiieless succeeded in capturing a certam charm of expression 
so often lacking in translations. This magnum opus is not only a monument 
to the memory of the authors, but a striking illustration of the extreme value 
of ttud intensive study of ps^cular species as the basis for fundamental 
meralisations. The attitude of the Tulasnes is well shown by a quotation 
nrom the preface, in which the authors write, " To understand any fungus, 
however minute and lowly, often demands of the mycologist long months or 
even years of assiduous latour. Yet these able investigators did not sludge 
this demand on their valuable time, knowing it to be the surest route tor real 
scientific advance." To adopt a Yorkshire expression that should not fall 
into disuse, as it embodies a nuance of meaning for which we have no other 
exact equivalent, the brothers Tulasne knew this to be the " gainest way " 
for mogress. 

This English translation has been edited by Prof. BuUer and Dr. C. L* 
Shear, who record their indebtedness to Dr. H. A. Kelly, Mr. J. Richardson, 
Mr* M. Stelnkopf, Mr. T. B. Macaulay, and Mr. £. W. Mmn, through whose 
generosity this publication has been made possible. The editors have 
provided the necessary synonymy rendered essential by the modem changes 
in nomenclature. The gratitude of mycologists in particular and of botanists 
in general will extend to all those concerned in the task of rendering this 
extmnely rare and expensive work available for their consultation. It only 
remains to add that the collotype reproductions of the orMnai plates, the 
exoeUeat typography, and tiie text as a whole, are worthy of the high standard 
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■viigitttOBt KfMtton* tad MmuMm. By Walter Heaps. [Pp. xU + 
3(^9.] (Cambridge : W. Heffer k Sons, Z93x* Ptica 12#. 6d. net.) 

The late Dr. Walter Heape was a distinguished pioneer in the field of repro- 
ductive physiology, and this posthumous work develops certain ideas about 
the migraine of animals in relation to nutritive and reproductive needs 
which arose out of his earlier researches. The book has been edited by 
Dr. F. H. A. Marshall (whose volume on the Physiology of Reproduction has 
become a classic) and it has thereby benefited by a thoughtful preface and 
occasional footnotes relating to recent developments in the subject. 

The title of the book seems to us a little misleading, for it sug^sts at first 
siffht that the book is about human emigrants and nomads ; actually it deals 
with the whole animal kingdom. 

The subject of the migratory movements of animals is an extraordinarily 
interesting one, and the time is becoming ripe for a comprehensive treatment 
of it. Hitherto, only the migration of birds (and to some extent fishes) has 
received an3rthing hke adequate attention. Dr. Heape's book may be 
regarded as a first attempt — ^and a very valuable one — ^to deal with the 
subject as a whole. He has succeeded in collecting together from many 
sources a most interesting body of facts, and for this alone the book is 
meritorious. 

Naturally, it is impossible in such short compass to cover the whole field 
in detail, and Heape's treatment of parts of the subject is somewhat scrappy. 
A recent German writer (Scheuring) required many hundreds of pages for a 
summary of the data relating to fish migration alone, and even this was not 
completely up«to-date. It would not be difficult, then, to pick holes in Heape's 
data and to point out omissions. The Bibliography, though useful, is 
obviously very incomplete. 

In spite of some minor failings, the book is of importance as linking up 
many scattered facts of ecology, behaviour, and physiology, and bringing out 
the essential problems rinsed by the migratory movements of an im als — ^most 
of them fundamental, and all very difficult. Of particular importance is 
Heape's starting-point — the conception of homes and territories. This idea 
was brought into prominence by Elliot Howard's work on the breeding- 
territories of birds, and it has proved very valuable in interpreting bird 
behaviour. It will probably be found to be of much wider and more ^neral 
application, and it deserves closer attention and study by animal ecologists. 
Heape has brought together much interesting information about the existence 
of territories, held by individuals or pairs or groups of animals for the purpose 
of ensuring food and refuge for themselves and their ofEspring. 

Of importfitnee too are the clear distinctions drawn by Heape between 
various types of migratory movement. Thus he distinguish^ between 
emigration and migration. Emigration is a mass movement away from the 
home territory which is foUowed by no return ; in migration thety is a return 
to the area firom which the movement started — as, for example, in the migra- 
tion of birds. The classical case of mass emigration is, of course, the lemming 
in Norway, where in certain years, following an enormous increase In num- 
bers, whole populations emigrate to the westward (leaving very few behind), 
and perish m hordes. Heape thinks that the lemming move to the west 
instead of spreading north and south because this is the only direction in 
Which they can travel without violating the territory of neighbouring groups. 

Three mnds of migration may be distinguished — alimental, climatic, and 
gexnetlc* Of these the first two are for the welfare of the individual ; the 
third is for the continuance of the race, and it is probably initiated by gonadic 
Nomadism is the habit of wandering over a territory of wide 
extent ; the wanderings may be irregular, or the territory may be covered 
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in ft syateBiftfle auniiar, govsnud «»uft% by cUmatie ooodttiaBS. Tbe 
laoow, for omBpIe, thowt tbit nomadic Iwoil 

Heftiw •nggeiti timt the phvBlologicftl stimulus to gamatio migration is 
the same gonadic secretion wnicn is responsible for the growtii of tlw second* 
ary semsaT characters prior to sexual aravity. He supposM also tiiat rapro* 
di^va activities are stimulated by a vitamins abswbed with the food. 
Dr. Marshall pdnts out some difficulties attachi^ to these views. The 
value of the book seems to us to lie not so much in the particular theories 
advanced as in the correlation attempted between ecological or " natural 
history " data and physiological facts. It should have a stimulating effect 
upon research. E, S. Russau.. 

BMogy Wd KanUnd. By S. A. McDowaix. [Pp. xviii + 22^, with 46 
figs.] (Cambridge University Press, 1931. Price fir. net.) 

Mr. McDowaix has thouaht fit to give to the public what has been prepared 
for lectures to senior pupm at Winchester. We do not think the public need 
be grateful. The book & not remarkable for lucidity or accuracy or judicious* 
ness ; it perpetuates several ancient errors, and is full of over*confident state* 
ments, derived no doubt from an uncritical reading of semi-popular books on 
heredity and eugenics. The author is too much concerned to promulgate his 
own social and political views. One cannot doubt the sincerity of his attack 
upon democracy, and one may even agree with it to some extent, but it 
seems to us out of place in a book which purports to give the general reader 
an idea of modem biolo^. A scrappy account of the evidence for evolution, 
and of theories of evolution, a lengthy treatment of the mechanism of Mendel- 
ian inheritance, and many pages of eugenic propaganda do not seem to us to 
constitute a satisfactory intrc^uction to biology either for the student or for 
the citizen. Russbix, 

ffsxfbook of General Biology. By Prof. Waldo Shumway, University of 
Illinois. [Pp. viii + 3^1, with 194 text-figures.] (London ; Chapman 
d; Hall, Ltd., 1931. Price 15s. net.) 

All connected with university teaching recognise that there is a tendency, 
more or less well marked, for the courses in various departments to be so 
designed as to produce specialists in their own departments of knowledge. 
Thus the successive courses in the departments of IBotany and Zoology from 
tile beginning aim at providing a training for professional Botanists and 
Zoologists. Many students take only the first course in either or both of 
these subjects, and so present a problem in departmental organisation. It 
may be met by ignoring their requirements, and including them with the 
other group or by modif^ng the first course to suit their needs, and to this 
extent sacrificing those who desire to specialise. Neither of these is satis- 
factory. The author of the present work states in his preface that this 
book has been written because of a feeling that there is a place for a fresh 
survey of modem Biology esp^ially designed for those who do not plan to 
•peciaUseineither Botany or Zoology.'* This is the better way, and fortunate 
ia the department whose stafiQng allows this solution of the di^cultv. 

A textbook with this end in view should, in the first place, contain judicialhr 
chosen material well arranged and, in the second, since {xesumably there will 
be no subsequent opportunity for the student to correct initial mistakes in 
tbe^ht of further lmowle<to, the text must be accurate and cleaiiy written. 

The book commences with a brief account, structural an^hysicfiogioal, 
iifavertebrateanimal,thefrog, and a flowering plant, wheat. Thkkioltowed 
tty chapters on the metabolism and behaviour of the cell and the part it plays 
in fspmuction. Then follow chapters on Heredity and tiie Bocdogy 
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ilia tti Conmtiiiitf* the Svohitioa of Spectai* the Plant Kingdom (a ganflral 
nntxv^f), the Animal Kingdom (a general enrvey), and Appl£i Biology-- the 
laet bell^[[ eubdivided into Man's Place in Nature, Medicine, Public Health 
and Hygiene, Eugenics and Enthenies and Agi^ulture, Agriculture and 
Conservation. Two appendices deal with a glossary of technical terms and 
classifications of the Pumt and Animal Kingdoms. 

No two biologists will agree on what should be included in or omitted from 
a course of this sort nor of the relative amount of space that should be devoted 
to the different sections. On the whole the present book has been well 
planned, and its subject-matter carefuUv chosen. Too much attention per- 
haps has been devoted to theories instead of facts. After all, the fundamental 
traming of a science is not the discussion of various theories, however interest- 
ing that may be. Apart from that the course outlined appears more satis- 
factory than several previous attempts to meet the same ne^. 

The matter is clearly and succinctly put, but unfortunately the text is 
marred b^ a number of mistakes. For example, on p. 5 binomial ** instead 
of binominal or bina:^, the terms employed in the international code ; the 
diagrams of the arterial and venous systems of the frog on pp. 15 and x6 are 
so maccurate that even a beginner should be struck by the mistakes ; on 
p. 24 the number of phalanges in the fourth digit of the foot is wrong, and 
does not agree with the diagram on p. a8 ; on p. 37 the pronephric duct in 
the male hog is labelled oviduct *' ; on p. 124 it is stated that Harvey is 
responsible for the aphorism omne vivum ex ovo," which occurs nowhere 
in his writings ; on p. 294 it is stated that the Cyclostomata lack true jaws," 
and four lines lower that they have no " teeth on the jaws," a mystery to a 
b^^ner surely ; on p. 295 it states that the four species of living Dipnoi are 
found in branches of the Nile and the Amazon ; no mention is made of 
Neoceratodus from Australia, nor of the fact that Frotopterus is found over 
a large axea of western equatorial Africa ; on p. 303 we read " Australia has 
a ^una which is exclusively marsupial so far as mammals are concerned," 
this shortly after a statement that monotremes are found in Australia, and 
in face of ^ quite appreciable number of indigenous eutherian mammals, etc. 

In spite ox these Uemishes it is a book to be read by those interest^ in 
this type of course, for it presents a number of new suggestions and methods 
of treatments. 

C. H. O'D. 


Ibg Irish WdUhoiuid. A short historical Sketch. By Phylus Gardner. 

[Pp. 253, with over zoo iUustrations.] (The Dundalgan Press, 

Dundalk, 1931. Price 75. 6d. net.) 

Tbm book contains a number of wood-block illustrations, the work of the 
authoress and her sister, and its purpose is well set forth in the short intro- 
duction. " This volume is really only an elaboration of the brief notes that 
have accumulated in connection wi^ these sketches, and our excuse for 
oAcing them in this form is that we have a fairly comprehensive collection 
of authentic pictures which, though they may be too small and slight to be 
ccMtnpletely satisfactory to a serious student of the subject, yet give a general 
idea of the type represented, and serve to identify jportraits, etc., to the 
mfginals of which the reader can in many cases be remrred." To leave the 
matter at that, however, would be doing less than justice to Miss Gardner's 
delightful book. The notes have been chosen from a wide field with con- 
eidmable skill and they shed fascinating side-lights on the known and prob- 
able hiatory of this most famous type of hound, from ancient times to the 
prasnt day. The concluding chapter deals with the Irish Wolfhound as we 
yw k now it. The authoress has run down her information to its original 
aaurpee, a prooedure that gives the work considerable value and one that 
miglhl be loQowed by other writers with advantage. While not a scientific 
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iraitte in fha moptcm tenia of the word, it oontnint faifomatlcm, tending 
tmwmtmemtB and padigmat of champion honndt and an accoimt of how the 
modem etock hat bnUt up, which it of intereat to the geneticitt. To all 
ocmcarnad with doga, iKdietliar profettbaaUy or otbexwim, this book wiU fu^ 
meet enjoyable rofuliKig, and we abould like to congratulate Mist Gardner upon 
the production of a work so delightful alike in its matter and its form* 

C H. O'D* 

fht Bkdonr 0 ( lha Amphibia. By G. Kingslby Nobib, Ph.D. [Pp. xiii 4* 
577, with 174 dgures.} (London : McGraw-Hill JP^blishing Co., 1931. 
race 3or. net.) 

Da. G. Kxkoslsy Noble, Curator of He^tology and Experimental Biology 
at the American Museum of Natural History, who has himself published a 
large naiass of facts relating to the Amphibia, and who is an expert on the sub- 
{act, in writing this useful work has done a great service to all those interested 
in these peculiarly fascinating animals. As he truly says, there is no book 
written in English since Gadow's volume in the Cambridge Natural History, 
published in 1901, which attempts to combine both the natural history and 
the biedogy of the Amphibia in a single volume. 

is a textbook primarily written for students, but it will interest all 
naturalists, being clearly written in simple language, and embracing much that 
is real held work, besides explaining to a certain extent the more modem 
experimental work of the laboratory. Amphibia are so much used nowa- 
days in experimental biology that it is a specially appropriate time to produce 
a book of this kind. The full bibliographies at the end of each chapter help 
much in supplementing the accounts of the more particular subjects where 
details must of necessity be avoided, especially in the physiological sections. 

Part I, the larger portion, treats of the Structure and Function of the 
Amphibia, Part II treats of their Relationships and Classification. 

Not only are recent forms described, but there are many references to 
ancestral forms, and the probable origin of all the groups are discussed with 
their relation to one another and to their environment. Of recent Amphibia 
there are 234 genera and about 1,900 species. « 

Dr. Noble has several times previously emphasised the importance of the 
life-histories and the modifications of eggs and larvae. He shows this again in 
his chapter on the Mode of Life-History, where the descriptions of the vauied 
methods of egg-laying and incubation are vividly described. 

An enormous amount of information is contained in this one volume, and 
the weadth of delightful illustrations in the text, most of which are originad, 
adds much to its value. 

M. V, L, 


fiMMs t Pills of Form, Oarden, and Orchard. By E. Dwight SaNDExsoK. 

Fh.D. Third edition revised amd enlau‘ged by L. M. Peaxrs, Ph«D. 

[Pp. vii 4- 568, with 607 figures.} (London : Chapman & Hadl, X93Z. 

Pxice net.) 

Tbxs large volume is essentially a list of the arthropod pests of cultivated 
crops in &e United States. The subject-matter is primarily divided according 
to the type of crop, the chapters dealing with pests of cereals amd grasses, 
fruits, vegetables, etc. The pests of each main crop are enumerated with a 
roOsonably complete account of the life-history, the nature of the damage, and 
control-maasures. The more important pests are dealt with in considerable 
detail wiOi useful charts of the life-history in the field. Nearly all the species 
mentioned, and often also their developmental stages, are illustrated with 
Mack and white figures. Most of these are taken from the piblicatioxs of the 
U.S. Z>e!partmient of Agriculture. Many of them are distmctly good, and a 
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iiimbir of origiti«lplioto|rEplis The maps Showing the 

leiiga to the u*S.A. are alto neeful. 

In the eomewhat limited field they have delimited the anthers are to be 
congratulated on a thorough and painstaking exposition of our existing 
knowledge. But it is jmbable that many entomc^gists would have had a 
s^ higher opinion of the work if there had been a greater infiltration of the 
modem outlook in Economic Entomology. There is little trace in the 
present volume of the ecological approach to the problems of pest-control. 
It has been increasingly reaUsed that the empirical methods of the pioneers 
can never be more than palliative, and have onen alread v given results which 
cannot be bettered wimout more research into underl3nng principles. In 
recent 3rears there have been numerous attempts at placing our knowledge 
of the causes of insect outbreaks on a sounder basis. Information as to the 


normal life-history in the field does not alone suffice ; werrequire also to know 
the efiect on the in^t of the variable climatic and biotic factors . Admittedly 
it is still difficult to summarise present-day knowledge in this Rowing field, 
but, at least with some of the more important pests, certain guiding principles 
are already established. Thus, the application of the developmental unit idea 
to life-histories under different climanc conditions or the use of climographs 
in predicting insect-outbreaks would seem worthy of mention. The de- 
scriptions of spraying methods may seem more practical, but the authors* 
estimate of the annual loss due to insets in the U.S. A. ( $2,000 million) does not 
suggest that practice has yet made perfect. To the damage caused by the 
insects must be added the cost of the existing methods of control, the real 
efiect of which it is usually very difficult to assess. 

It appears that in the U.S. A. the pests of cultivated crops number about 
322, of which no less than 93 are imported, mostly from Europe. The 
authors estimate that amongst the really serious pests nearly three-quarters 
have been introduced by man. The process still continues, and one of the 
worst pests, PopiUiu japonica (from Japan), did not find a footing till xgxfi* 
It is an obvious consequence tlmt the most important problems in Economic 
Entomology are of more than national importance. 

The pi^uction of the volume is, generally speaking, good. There is an 
adequate index, vrhich would be improved by indluding the names of authors 
mentioned in the text. No bibliography is provided, but the more important 
references are given under each species. Only one definite error has been 
noticed. The l^-history of the I^- Weevil, Mylabris pisorum, should be 
revised. It is now known that the adults hibernate in the fields, so that 
fumigation of harvested seed has almost no value in control. ^ 

O. W. R. 


Inasol licniet. By L. O. Howard. [Pp. xv ^ 347, with 32 plates 
and many text-figures.] (New York ; The Century Co. ; London ; 
D. ^pleton Sc Co., 1931. Price 3 dollars 50 cents in New York, 
Z2f. 00. in London.) 

2>r. L« O. Howard retired from the position of Chief of the U.S. Bureau of 
Entonufiogy in October 1927, but was retained in the bureau for a further 
tour years until June 1931, when his final retirement closed his fifty-three 
years* official connection with the department. During these last four years 
«e has prepared two books, A History of Applied Entomology (reviewed to the 
JanuersMUumber) and Th$ Insect Msnncs, 

This book is written in a popular manner, being an attempt** to epitomise 
to a amaU vtfiume what should be known everyone. ... It is mtended 
^ the thoughtful general public,** to quote the writer*8 own words. ** The 
bbjsnt is to arouse such a public to an appreciation of a very real menace 
to hfumanii^.** 

In the chapter— ** How long have Insects existed on the Earth ? ** — ^it 

1 % 
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it diO'wii OuEt liirW had hai bid to 

evolve a pmiitait type. This pote&t opjportoiiity for iiirvivat having bean 
eiiipbaii»ed» vw past on to an exandnatlon of the xesaons why the inoeot 
tm hat persitted. The powers of concealment and of enormous multi^pilioa^ 
tb^ the number of species, the anatomkai advantages, and the diet au its 
adaptations are all discussed. In addition, mention is made of ^e physiolowy, 
senses, underground life, and the adaptation to water and to strong winds* 

It is then pointed out that the present age of the wturld, termed Kainosoic, 
which is often interpreted as the age of man, could quite justifiably be called 
ihe 1^ of insects. Man, although nominaily supreme on earth, has been 
creating conditions peculiarly favourable to his greatest rival and, further- 
more, he has been taking a long time to appreciate this fact. The problem 
confrmting humanity is laid beum before the reader in a dramatic way. Not 
content with showing how much food insects are unwittingly encouraged to 
destroy and how large a bill will have to be met if this is allowed to continue. 
Dr. Howard next reveals the manner in which insects act as carriers of diseases 
of man and of plants. But he goes on to state there are beneficial insects 
or black-legs In the straggle for supremacy. 

The world, which for long has glanced rather askance at entomologists, is, 
however, waking up. Chapters VII and VIII deal with insect control by other 
insects, variation in crop practice, mechanical and chemical control, and 
quarantines against insects. 

In the final chapter (IX) instances of progress made with regard to three 
insects are given — ^namely, the Rocky Mountain locnst, the cotton boll- 
weevil, and hit Mediterranean fruit-fiy. It is mentioned in the conclusions 
that prophets of evil have been teUing us until recently that human over- 
population of the world is approaching and birth-control must be adopted 
or, a more recent suggestion, that scientists have now supplied the means of 
growing sufficient fo^. Dr. Howard's own views apparently can be summed 
up in file two old sayings : Waste not, want not," and " Prevention is 
better than cure." He seems to say : stop all waste, cease to pav enormous 
tribute annually to insects in the shape of food ; secondly, avoid spending 
money in trying to find cures, rather divert as many moneys as possible to 
the study of fundamentals, such as ecology and insect epidemics. 

This book is a thrilling authoritative account of the war between man and 
insects and seems to carry us right beyond our own flattering man-made idea 
of the supremacy of man on earth. It should certainly a|^al to many. It 
is well written and has good illustrations. But surely a sufficiently terrifying 
insect could have been found to replace the spider stamped on the front cover 
(and also the paper cover) 1 H. F. B. 

Ute Biology ol Syldeis, with Boedil Bebrenoe to the Dmidi fiaiUL 

By E. Nielsen. [Vol. I, pp. 248, with 10 figures and 32 plates ; 

Vol. II, pp. 723, with 462 figures, and 3 coloured plates.] (Copen* 

hagen : Levin d; Munksgaard, 1932. Price 305. net.) 

Books on spiders are almost as scarce as ^ders are numerous. One can 
recall to memory Blackwell's History of the Seders of Great Britain (xBfix-a) 
(very rare), Comstock's SpiderAiook ^1912), Ellis's Spiderland (19x2), McCook^s 
Amirican Sfiders and their Spinning W&rk, I-IIl (1889-^3), Pickard-Cam* 
bridge's Spiders of Dorset (1879-81), Savory's British Spiders (1926), an4 
Us Biology of Spiders (192V), Simon's Arachnides de France, I-Vll (1874- 
xpafi), bis Histoire Naturelie des Araignies, I-II (X892--7), Stavel^'s 
British Seders (1866), and Warburton's artide on " Spiders " in the Cmnbridge 
Natmral History (1909), and his Spiders (19x2). Naturally there aze nmm 
valuable papers scattered through the literature, but these are less acoeesibfe 
to the beginner. It is therefore pleasing to see the appearance of Kiebam^a 
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thii book i$ mblUhod in an tmnsual style. Vol. I is w ri t ten in English, 
and is an abbrowted translation of the subject-matter contained in VoLlI. 
HoMvet, no reference nor prfcis is given of section i of vol. 11, which deals 
with the Morphology and Anatomy. There is also a supplement to the 
catalogue of Danish spiders which is contained in vol. II, in Edition to which 
there is a translation of all the legends of the illustrations in vol. 11 and 
an index of Families, Genera, and Species. 

Vol. 11 is written in Danish, and contains more subject-matter than voL I. 
There are five sections, dealing respectively with the Morphology and Anatomy, 
Genmd Biology, Four-lunged Spiders, Genuine Spiders, and the Parasites of 
Spiders. Then is given a catalogue of Danish Spiders by J. Braendegaard, and 
a bibliography of l^ks and papers available to workers in Denmark. Finally, 
there is an index, five coloured plates and their explanations, and a list of 
corrigenda. 

By this mode of publication English readers can obtain the essentials of 
the subject-matter and emlanations of the illustrations from vol. I while 
using vol. II as a book of illustrations and references. The lists of Danish 
raiders and their parasites are also accessible in this volume. We consider 
that the author has achieved his object of making his book available to the 
English-speaking races. 

Whereas only about sixty-five pages are devoted to morphology and 
anatomy, the great bulk of the work consists of detailed observations of the 
best natural-history type. This is particularly characteristic of vol. II, 
which is written in most picturesque language. The amount of information 
is stupendous and the qua^ty good. The figures, of which a large proportion 
are from photographs, and the plates are especially noteworthy. The only 
criticism necessary is that the volumes are too bulky for paper covers, and 
will have to be bound to prevent them falling to bits under constant handling. 
But the paper covers are no doubt partly responsible for the moderate prl^ 
(305.). We should like to recommend this book to all those interested in 
spiders. jj. F. B. 


Animal Boology, withEapadal Beferenoe tolnaeots. By Royal N. Chapmah. 
[Pp. X -f 464, with 137 figures and 27 tables.] (London : McGraw-Hill 
Publishing Co., 1931. Price 245. net.) 

As far back as 1917, in the infancy of animal ecology, a course in Insect 
Ecology was being given at the University of Minnesota. In 1926 the lecture 
notes were publii&ed in mimeographed form, and thus became available in 
their latest aspect to those who were not fortunate enough to be able to listen 
to Prof. Chapman himself. The demand for the volume can be gauged by 
the fact that a second edition appeared in 1927. Since then animal ecology 
has mumed far greater importance, and animal ecologists even have their 
own journal, as witness the advent of the Journal of Animal Ecology » published 
for the British Ecological Society. The older descriptive and natural history 
tyw of a nim a l ecology, as exemplified by Pearse's Animal Ecology (McGraw- 
Hm Book Company, 1926), has now resumed its proper proportion in ecology, 
and is no longer overshadowing the other branches of the science. We 
aonaider H unmrtunate that the same title has been used for the books of 
both Puaxse and Chapman. 

present tx^k Prof. Chapman has published his course of lectures 
P^tated loim, and has brought the subject-matter up to date to 1930. 
2]^[^artheleie, in a sdenoe that is progressing so rapidly, such a work must be 
wil^v out of date so soon as it is published. For example, it has not been 
poswde to mention Uvarov's Insect and Climate (April 1931). 

It is convenient to divide the book into two divisions, the first dealing 
autiooldgy, which is ** interpreted as including the study of the various 
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Ucton of ttie efiviroimieot in lolatimi to Md otbsr mlmaliti.** and the 
second deaHng vdHt syneocdogy# wliich is '* considered ns popnUtioii systsdis 
on the basis of biotic potential and envkonmeatal resistance, and as din* 
tributional and descripnve ecology/* 

In the section on autecology, there are chapters on light, temperature, and 
moisture as ecological factors, and in addition a chapter on the edects of 
temperature and moisture acting together in the ecology of animals, including 
an apt>endix on dormancy. Next follow chapters on the physical conditions 
of en^onmental media, nutrition, and biotic factors in autecologV. 

In the section on 83mecok>gy, after a preliminary discussion of the subject, 
there are chapters on cborology (zoo^graphy) and chronology. Then 
m^hatic synecology, the physic^ and biotic characteristics of aquatic com- 
munities, lenitic environments, lakes, and lotic environments receive atten- 
tion. Next, terrestrial synecology is dealt with in chapters on communities 
of the soil, sand dune, grass or herb stratum, shrub and tree strata. In this 
last chapto there is a section on applied ecology. 

Throughout at the end of each chapter there is a bibhography, a very 
useful mode of reference. But in the index at the end of the book it is not 
possible to find what works have been mentioned, or should be read, by simply 
referring to the authors* names. The index is an index to the subject-matter, 
not to &e bibliography. 

The Appendix con^ta of a translation of a paper, by Prof. Vito Volterra, 
on variations and fluctuations of the number of individuals in animal species 
Uving together, which appeared in the Journal du Consetl tntemoHoneu pour 
Vex^oraHon do la mor, III, vol. I, igzS, In this way a valuable contribution 
is made accessible to a wider public. 

Prof. Chapman's book is a real textbook, and is absolutely indispensable 
to all students of ecology, and might be read with advantage by all biologists. 
Naturally, bx such a comprehensive survey of so wide a subject, there are a 
few minor mistakes that have been overlooked. For example, there is no 
explanation of what the axes of the graph represent in Fig. 5 on p. xB ; on 
pp. 6 and 73 the same book by Adams Is referred to as having 149 pp. and 
XB3 pp. ; and in the index on p. 452 Maidwyn Davies is spelt Maldwin. But 
thm are iJmost inevitable in a first edition, and, if they are pointed out, a 
second edition will remedy the fault. 

The book is characterised by the clearness of exposition, the thoroughness 
with which each subject is outlined, the ample lists of references by means 
of which one can pursue any line of special interest, and the comparative 
cheapness of the volume. Royal N. Chapman is to be congratulated and 
thanked. 

H. F. B. 


taiSbook ol Bxperimeatil Oyiedogy. By J. Gray. [Pp. x + 5x6, with 
3 plates and 202 text-figures.] (Cambridge : at the University Press, 
1931. Price 255.) 

This book, dealing as it does with the ** experimental ** approach to the 
problems of cytology, attacks the subject from a very different an^ than 
that of classical C3^morphologists. The method of approach adopted by 
the author is analytical, as distinct from inductive. It io concerned chiefly 
with recent experimental research on cell ph3rsiolo^, and the present 
state of our knowledge of the physical structure and bfological proper^ of 
theUvingcell. 

Duri^ the earlier part of the {xesent century morphological cytology 
yielded results of immense importance, and the stimulus which the subject 
received in consequence attracted many research workers, and gave rise to 
a rapidly increasing annual volume of publications dealing with descriptive 
This result was due, in the first place, to the contact estabUidhed 
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ly tbeMttodaUao tbecuy betwoen ntaclear cytology and the study of heredity. 
Out of this contact rnodera genetics has grown. Subsequent, the discovery 
^sncb cytoplasmic structures as the tmtochondria and Gdgi bodies provided 
aaotto XDQpetus. In more recent yearn the opinion appears to have bean 
growing among biologists that desetti^ cytology has almost attained, for 
the time being, the li^ta of its usefulness, and that further advances must be 
looked lot in other fields, such as genetics and experimental physiology. 
Those who participate with the reviewer in this temporary dissatisfaemn 
with the methods of classical cytology will find in the present book an able 
introduction to an sispect of the subject which is young and virile, and which 
has already yielded results of fundamental sig^cance. 

The book covers a wide field, chapters t^ing devoted to cell dynamics, 
mitosis, oeU division, variability, growth, as well as to the physical property 
of protoplasm and of the various parts of the cell. Germ-cells, contractile 
cells, and phagocytosis are also dealt with separately. The author has im- 
part^ a remarkable degree of coherence to his subject-matter, despite the 
wide field which it covers and the variety of sources from which it is drawn. 
The presentation is clear, concise, and sufficiently simple to be readily readable 
by those who have only a limited knowledge of physics and chemisity. 
The treatment is critical, but the criticism is both careful and impartiad. 
Care is taken throughout to emphasise the points on which knowledge is most 
inadequate, and on which further research is likely to yield important results. 
Useful bibliographies are appended to each chapter, and the quality of the 
illustrations is good. No b^k. however perfect, is beyond criticism for those 
who seek to criticise, and a book on experimental cytology is open to the 
combined criticism of the physicist, the chemist, and the biologist. We 
prefer to recommend it, without reservation, as an excellent introduction, for 
the student or research worker, to ** experimental cytology, and to compli- 
ment the author on a difficult achievement. It is one of the most stimulating 
cemtributions to biological literature which has appeared during recent years. 

F. W. R. B. 


A Theory ol the Tormation ol Animals. By w. T. Hillibr, M.R.C.S., 
L.R.C.P. [Pp. viii + i66, with 98 figures and 7 plates.] (Bristol : 
John Wright & Sons ; London : Simpkin & Marshall, 1932. Price 
Ss, 6d. net.) 

Mr. Hillibr disarms our criticism at the outset : The absence of a biblio- 
graphy and the entire disregard of contemporary views have no more sig- 
nificance than that they indicate the inability of the writer to deal with such 
matters.'' His guiding principle, he tells us, is : " Be as imaginative as you 
please, but control your deductions by facts in Nature observed as accurately 
as possible." He has certainly carried out, at any rate, the first part of his 
motto. 

It is necessary, the author tells us, to be dogmatic in order to be clear ; 
but unfortunately a dogmatic style does not invariably result in lucidity. 
He t a km as his text Oken's idea that every animal consists of two individuals 
rolled into one — ^the " dual constitution " theory. He sees evidence in 
impport of this in such divers subjects as metamerism, disinfection, fertilisa- 
tion, the gastrula, and spiral cleavage— though he does not always make it 
clear why they support the theory. In the development of Pol^^ordius he 
sees evidence of ancestry by the fusion of separate individuals wlme still in 
w biastula stage, in a manner which he compares with paedogenesis in 
AJK^otl. Ke describes the evolutions of four such ancestral blastute, which 
ha believes co-operate in the ontogeny. The further activities of these 
blastuhe*" as he calls them, lapse into metaphysical geometry 
Rmh we ase not competent to criticise. 
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Ha davotai a kmg Chapter to a detaHad account of tha anatomy of tba 
berrina» Uttla of which has any connection witii his theory. He it a tboraai^ 
going konodast, and coolly announeet that though it may be entirely out 
ci liiM wttti premt-day opuiioni he proposes to treat the tail of fish as smelly 
hmnologottt with the pa&ed fins ; though he gives practically no evidence 
in sopp^. On the strength of observamns on herring alone, he casts doubt 
on the existence in xnammalian bone of canaliculi putting the lacuw in 
communication. He postulates the existence of a set of sp^al channels for 
the dehydration of bones. He assumes that these imaginary channels may 
undergo great changes in the course of development, and so the form of a 
bone which is controlled by them may vary widely. Hence, by postulating 
Bttificiently great changes, any bone may be homologised with almost any 
other bone. He descnbes this as a process of ** free translation *’ ; many 
soologists would prefer a less charitable description. Proceeding on these 
lines, he arranges the bones of the herring in a series of ^oups which appear 
to have for be&vers some mystic significance, like the biDlicsLl number seven. 
His magic number is nine, and with the aid of some jugglery he produces 
several groups of nine or a multiple of nine in various metameric structures 
--^notably fin«rays and vertebrae ; eaich group apparently representing an 
ancestor, and aU the ancestors having equd powers of asexual growth^ 
charactoised by the serial repetition of similar parts 

Altogether a book which, as the author naively admits, proceeds more 
by argument than firom the sohd foundation of well-ascertained fact.'* 

L. H. J. 
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RECENT ADVANCES IN SCIENCE 


AmJMO tUXEMMAXlOB. By Prof. F. £. Rblton. p.Sc., M.A.. 

Royal School of Engineering, Gi^. 

In my last article I surveyed the work that has recently 
appeared in journals more immediately accessible to English- 
speaking readers. I shall utilise the present opportunity for 
the survey of a somewhat wido* field. 

Mechanics. — ^Among the papers that correlate theoretical 
mechanics with the geometry of space, there is one by G. 
Vitali, “ Alcuni elementi di Meccanica negli spazi curvi,” Atm. 
Mat. pura ed. appl., vol. IV, 8, 75-89 (1931). The fint and 
theoretical section develops the idea of a vector in n-dimen- 
sional space and its laws of transformation ; the motion of a 
point and its velocity ; fields of force, and the behaviour of 
material particles therein. Each material particle is endowed 
with a twofold mass, respectively called tnassa inerte and 
massa attiva. The second and applied section deals first with 
the case of centrid motion in three^mensional space under the 
inverse square law. This three-dimensional space is then taken 
to be spherical and inunersed in a four-dimensional manifold, 
and the motion is again considered for a central force obeying 
the Newtonian law. Equations analogous to the usvial equa- 
tions of motion are derived, but they are equally incapable of 
givh^ a perihelion motion, though the author expresses the 
opinion trat this might be overcome by a change in the law of 
attraction. The treatment possesses degance and rimplidty, 


and the methods and underlying ideas are a development of 
those expounded in the author’s book, Geomeiria n« 2 k> spasio 
Hilbertiano (Bologna, 1930). 

Foot those who are not afraid of eits, eifs (as Bateman calls 
them), integral invariants, and groups of automorphisms, a 
shcvt paper by B. O. Koopman, ” Hamiltonian Systems and 
Hramsmnnations in Hilbert Space,” Proc. Nat. Acad. Set. 
US.A.,%7, 315-8 (1931), may be of interest, especially as 

aunhor does not e:^ttst the subject, and suggests further 
eatendont of the tlwory. In his last article in this quarterly 
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G. J. Te^Ie emphasises the importance o£ Koopmap^ work in 
its application to statistical mechanics. Contact transforma- 
tions and Lie's themy are prominent in a dicat paper by £. 
Schuntner : "On the Equivalence and Oassification of 
Dynamical Problems," Ann. Mai. pura $d. aMl., IV, 0 . 

A full imderstanmn^ of the problem of inmact requires 
contiderations of elastiaty, and a knowledge of the work of 
Herts and his successors is indispensable, llie simpler treat- 
ment that suffices in mechanics dates back to the time of 
Wallis and Wren. The classical paper on inelastic collisions is 
Appell's memoir of 1896, J. dt Math., 6 , 11, in which he gives, 
with wide generality, a theo^ applicable to dynamical systems. 
The geometrico-dynamical ideas of J. L. Synge {Phil. Trans. 
Roy. Soc., A 226, 1926) continue to exert a marked influence, 
and something analo^us to them has been adopted for a 
genersd discussion of impact by Z. Hor^k : " Thtorie g^n^rale 
du choc dans les systtoies matmels," J. Ecols Polyiech. Paris, 
II, H 28, 15-^4 (1931). The author considers Riemannian 
s^ce with a metric in which the components of the fundamental 
tensor are proportional to the corresponding terms in the kinetic 
energy. The calculation of the covariant differentials of the 
momentum vector, with the usual Christoffel 3-index symbols, 
enables him to write the equations of motion as if for a single 
particle. The analogue of the coefficient of restitution is intro- 
duced as an affinor of restitution. General theorems on impact 
are derived, and in the latter part of the paper particular 
problems are discussed, including two smooth bodies and also 
two perfectly rough bodies. 

'l^e question of impact, under a different aspect, is of some 
account in the problem of three bodies. It was Painlevd, in his 
work on the anal3rtic theory of differential equations, who i^t 
showed that the co-ordinates are holomorphic functions of the 
time, provided the initial conditions are such as to obviate a 
oolliuon taking place after a finite interval. The situation was 
improved in 1912, when K. F. Suntan showed that an impact 
of two of the bodies did not mve rise to an essential singularity, 
and that the singularity which arose could be removed oy 
suitable changes of vanables. Sundman's work was mathe- 
matically unexceptionable, but the resulting convergent series 
were of doubtful worth for practical purposes. This aspect has 
been discussed by D. Belorizky : " Sur la convergence des 
s6ies dans la solution du probltoie des trois corps donnde 
^ M. Simdman," C. r. Acad. Set. Paris, 19 S, 314-7 (1931). 
llie author discusses three cases, in which the ratio of the total 
mass to the mass of the smallest body is 200, 10, and 3 respeo- 
tivdy, the masses being rituated at the corners ot an equilatoM 
triai^fle. If the author's work is oorreet, the number of terms 
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required for even rough accuracy is, to say the least of it, 
depressing. 

The derivation of dynamical equations from a variatiottal 
principal with certain restrictions has been the subject-matter 
of several recent investigations. P. S. Bauer, in a very short 
paper, " Dissipative D3rnamical Systems,” I, Proc, Nai. Acad. 
Sn. US.A., 17 , 31-4 (1931), investigates the nature of the 
coefficients when certain dyimmical equations are the Eulerian 
equations for minimising an integral. Incidentally the same 
journal, pp. 370-6, contains a geometrico-dynamical paper by 
E. Kasner, ” Dynamical Trajectories and the oo* Plane Sections 
of a Surface.” Bauer’s paper might be read in conjunction 
with one by A. Wundheiler, ” Cber die Variationsgleichungen 
fUr affine geodatische Linien und nichtholonome, nichtcon- 
servative dynamische Systeme,” Prace 88, 139-46 

(1931). The last-mentioned journal, pp. 1-20, contains a 
paper by M. Kerner : ” Le Principe de Hamilton et I’holonom- 
»me.” Personally I have never felt really satisfied with the 
usual application of Hamilton’s principle to non-holonomous 
systems ; there is too much air of tant pis pour ies /aits and 
making the principle a Procrustean bed. Those who read 
Kerner’s paper will, of course, first familiarise themselves with 
the relevant work of Hdlder and Voss. 

The theory of the oscillations of a dynamical S3rstem does 
not usually present much difficulty, especially as the applied 
mathematician is generally prepared to take for granted certain 
necessary propositions in pure mathematics. Faced with the 
necessity of actually computing the periods for systems with 
right or ten degrees of freedom, he is inclined to give a curt nod 
to statements about Elementartheiler. The computational 
work entailed by complicated systems can be very temous. An 
examination of the problem, with the computer’s needs in view, 
has appeared (unfortunately in Russian) in a paper by A. 
Krylov, ” On the Numerical Solution of the Equation I)eter- 
mining the Frequencies of Small Oscillations,” lev. Akad. 
Naath. U.S.SJi., Otdel. mat. i. sstest. Naub., VII, 4 , 491-539 
(1931). The author evolves a method of reaching the fu^ 
determinantal equation in a form that has the parameter in 
the first column only. Usually it appears in every term, and 
in the case of normri co-ordinates, down the lead^ diagonal 
<mly. The determinant is now much earier to develop ; the 
paper contains an extension to include gyroscopic terms, and 
there are numerical examples with schemes for calculation. 

Hydrodynamics. — Many papers of recent date deal with the 
visoous liquid. Among the more interesting we may first 
notice one by F. Steana, ” Sui moti di un flmdo incomprimi- 
faile, rinunetrid rispetto ad un asse,” AtH Soc. Ligust. Sci., 10 , 
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63-4(6 (1991). V«ctor» are used in conjunction urith cylindriod 
oo-cnrdinates, and the symmetry about the aads enables the 
vdodty, vorticity, and pressure to be expressed in terms of 
two functions, ti^kher with the kinematicm viscosity. Atten- 
tion is devot^ to the consequences of endowii^ an immersed 
solid with helicoidal motion, particularly when the solid is 
t^erical. Mention must also be made of A. Foch and J. 
&uriol, ** Sur le mouvement d’un fluide visqueux au voisinage 
d'un <hsque osdllant autour de son axe," C. r. Acad. Set. Paris, 
Mi, 83 S-« ( 1930 - 

S. Higuchi has a note on the osdllatOTy motion of a viscous 
liquid in an open channel of infinite length, Tech. Rep. Toholm 
tfmo., i, 665-9 (1931). Oscillations are generated in the liquid 
by the vibration of the boundary. The channel is of semi- 
circular section, and a table shows the rapidity with which the 
wave deca^ra with distance from the boundary. J. Leray 
writes : " Sur le systdne d 'Equations aux dfriv^ partielles 
qui nSgit l*6coulement permanent des fluides visqueux," C. r. 
Acad. Set. Paris, 198 , 1180-2 (1931). This is suited only to 
those udio are pretty well versed in the modem outlook on 
partial differential equations ; it would probably be of as mudi 
interest to the analyst as to the applied mathematician. 
Similar remarks probably apply to the work of G. Lampariello, 
" SuU'impossibilitk di propagazioni ondose nei fluidi visooti," 
AM Accad. noB. Linen, VI, 18, 680-91 (1931), wherein Duhem’s 
theorem, that true wave prop^ation cannot take place in a 
compressible viscous fluid, is g^ven a simple and durect proof 
by tjtw ! theory of characteristics. 

J. Kampd de Fdriet writes : " Sur une classe de mouve* 
ments plans d’un fluide visqueux incompressible," Ann. Soc. 

Brux., A 61 , 7-1 1 (i 930 « The author develops a method 
of finding a certain clara of exact integrals for the equations of 
non-steady plane motion for a viscoiu, incompressible fluid, 
lire necessary and sufficient conditions that an assumed 
vdodty distribution should be possible are proved to consist 
in a cotain function satisfyix^ a partial differential equation of 
parabolic ‘type. Cases arise in which this equation transforms 
into the equation for heat-condu^on, so that all the known 
intc^als of the latter lead to possible motions.. 

Stability is discussed by W. T. MacCreadie, " On the 
Stability of the Motion of a Viscous Fluid," Proc. Nat. Acad. Sei. 
US.A., 17 , 381-8 (1931). llie flow is two-dimensional betweoa 
{wallel pl^es. Sunple expressions are taken fm* the fluctua- 
tions of the velodty components, and the process of minimising 
the int^al that represents the R^nold’s number is a double 
one. It is first approached from above by something analogous 
to Rite’s method, and is afterwards apfaroached from bdow in 
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« different manner. Numerical results permit comparis<m with 
established values. At the same time we have A. Rosenblatt, 
Sur la stability des mouvements laminaires des liquides 
visqueux incompressibles," C. r. Acad. Sci. Pom, IM, sso-s 
(1931), vdierein the two l^undary planes move with equal and 
raposite velocities. A paper from the same pen and bearing 
tm same title appeared in Atti Accad, tuu. Lined, VI, 14 , 
93-9 (1931). Other short papers b]^ the same author are : 
“ Sur certains mouvements stationnaires des fluides vis^eux 
incompressibles," Proc. Third Inter. Cong. Tech. Mech. {^och~ 
hobn), vol. I, 351-4 ; *' Sur les mouvements plans des Kauides 
visqueux voisins des mouvements radiaux,” C. r. Acad. Sci. 
Paris, 18 B, 920-2 (1931) ; Sur les mouvements des liquides 
visqueux symmetnques par rapport k un axe/’ C. r. Acad. Sci. 
Paris, 19 S, 139-41 (1931) ; " Sur certains mouvements plans 
des liquides visqueux/’ Bull. Sci. Math., II, 65 , 175-92 (1931), 
this last completing some work of Hamel’s on radial flow. 

In the realm of the perfect fluid, the most interesting of 
recent work lies in two related papers by U. Qsotti. In the 
first of these, entitled, “ Correnti circolatorie local! intomo a 
region! di acqua morta," Atti Accad. not. Lined, VI, II, 
85-92 (1931), the author utilises a method, devised by 
himself and Levi-Qvita, for treating the circulation roimd 
a dead'Water region. Use is made of the transformation 
2»c+ i)/(c* + 2*«+ 1), whereby the semicircle (— I,*, I ) 
of the c-plane is conformtdly represented on the part of the 
#*plane external to Ulaa 1. With a vortex at a a o we have 
the complex potential 2nt/>aC log s, there being a corresponding 
form for the c-plane with a vortex at c s — 1). The 
velocity is then given by dfldn. Two cases are considered ; if 
the dead-water r^on has a free boundary, it is shown to be 
necessarily circular ; if the bound^ is in part free and partly 
fixed, the analysis becomes more difficult. The paper oondudes 
with an electrical interpretation of the results. The sequel, 
occupying pp. 247-53 of the same journal, is entitled *' Circo- 
lasiom intomo a region! di acqua morta limitate da una 
parete poligonale e da un pelo libro.” It comprises two 
special cases of the second part of its predecessor. The analysis 
is first worked out for the case of a straight boundary and an 
electrical interpretation is given. In the second case, the 
boundary is taken as a straight-sided polygon ; in particular, 
two lines of equal length. 

Eiadieify. — ^Most of the interesting and recent papers on 
this subject have eithor already been noticed, or will be found 
ODuected in the Proceedings of the Third International Congress, 
hrid at Stockholm. We may add a paper by T. BtMgio, 
•Stdl^opiaiatore di Laplace e sulla equariom dell’elasmtii 
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neS^ spsud curvi/’ AtH Amut. no*. IMwA, VI, It, pp. 

(1931). The notation used is that of the Gtom^iria Diff*rm- 
iAah, by Burgatti, Bomo, and Burali-Forte. The methods 
employ^ were eaq^unded in a inrevioas paper, RmdicoiUi 4 n 
Lmen, VI, 7, pp. 81 1-17 (1928). The paper is a generalisation 
<rf the difierential vector relation VaVaK *• VV*« ~ V%. 
Applications are made to space of constant curvature and to 
the equilibrium equations for an isotropic elastic medium in 
three-dimensional space. A somewhat allied paper, though 
not specifically concerned with elasticity, is by H. S. Ruse : 
** Generalised Solutions of Laplace’s Equation,” Proc. Edin, 
Mdtk. Soc., II, 8, 181-8 (1931), wherein solutions are obtained 
of the general potential equation 
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in M-dimensional space with a metric ds* cbe** dsi'. 

Wave propagation is treated by G. Lampariello, ” Propa- 
gazione di onde nei mezzi elastid isotropi anche non omo- 
genei,” AUi Accad. tuu. Lincti, VI, 18 , 856-60 (1931). The 
papw is quite short, and its nature is sufficiently indicated by 
Its title. 

Those who have to discuss the torsion problem for awk- 
wardly shaped cross-sections will be familiar with the work 
of F. Kdtter (1908) on the L-section. The applicability of his 
method is limited to sections with one re-entrant angle. There 
is also the work of E. Trefftz ( 1912), with its partially graphical 
method. We are now confronted with a paper by I. S. Sokolni- 
koff, ” On a Solution of Laplace’s Elation, with an Applica- 
tion to the Torsion Problem for a Polygon with Re-entrant 
Ai^;les,” Trans. Amor. Math. Soc., 88 , 719-32. The method is 
applicable to all regions conformably representable on the 
upper half-plane when the boundary becomes the real axu. 
Naturally the Schwarz-Christoffel transformation is employed ; 
application is made to the T-section. 

It would be interesting to know what proportion of research 
workers in elasticity have had a quiet nibble at the problem of 
a sphere compressed between two flat plates, or something 
similar connected with hardness tests. One, more daring than 
the rest, has published his results — B. Sen, ” On the Stresses in 
an Elastic Sphere having certain Discontinuous IMstributions 
of Normal Pressures on the Surface,” BiM. Calcutta Math. 

• 8 , 67-76 (1931). With no desire to condemn the paper betoe 
doser study, it is safe to say that its analysis should be accepted 
only alter the most critical inspection, a remark whidi appHes 
to any work based on divergent series. 

I would draw attention to a long and interesting paper by 
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W. Mey«r mr Capellen, " Metbode zur angesiherten Lfistmg 
von Eigenwert problemen mit Anwendui^ auf Schwingunjfp- 
proUeme/’ Ann. Physih, V, F. 8, 297-3S» (*93*)- Perturbation 
theory methods are directed to the approximate solution of 
applied oscillation problems. The examples considered are : 
m longitudinal vibrations of a rod with variable cross*section ; 
(ii) vertical oscillations of a chain hanging from two {mints with 
0^ si^ ; (iii) transverse oscillations of a freely hanging chain ; 
(iv) vibrations, due to bending, of a beam with variable cross* 
section. The approximations obtained by numerical and 
graphical methods are compared with the corresponding 
espOTmental results. 

The American Mathematical Monthly states that no fewer 
than forty new periodicals of confessemy mathematical com- 
plexion have made their appearance in the world since 1936. 
Twenty-three of these may be de&oitely classed as “ research. " 
The place d'honneur falls to Roumania with seven ; there is 
food for reflection in the fact that England ties with Casecho- 
slovakia, at the bottom of the list, with one. 

MACmCATZCAXi nnXCNI. By Prof. G. TBiin.B, Ph.D.. D.Se., 

King's College, University of London. 

This article is a summary of the work on quantum theory 
which has been developed by Eddington during the last few 
years. These researches lie in the hitherto unknown sea 
between relativity theory and quantum theory, a sea which is 
now being explored with the help of Dirac’s linear wave equa- 
tion as a kind of mariner’s compass. The final objcict of 
Eddington’s work, if I understand it aright, is to exhibit the 
theory of relativity in its metrical and d3rnamical aspects as a 
natural development of the quantum theory. The method 
employed is to accept Dirac’s linear wave equation as the 
appropriate quantum characterisation of an elementary particle, 
and to explore, in a tentative and semi-empirical manner, the 
significance and implications of this equation. 

The results obtained to date may be conveniently divided 
into two classes — ^the first comprising the general properties of 
sf^ operators and wave tensois, and the general form for the 
interaction of electric changes ; while the second class of results 
oonsbts of the values of ca*tain natural constants — the chaige 
on an electron, the cosmical constant, and the ratio of the masses 
of the proton and the electron. At the present time physidsts 
are> perhaps, inclined to regard the second class of results as 
more speculative in character and their method of info'ence as 
mbre precarious. 

ZHroc *9 Linear Wave Emotion. — For the sake of making tlm 
report complete m itself it will be well to begin with a brief 
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account of l^rac’s linear wave equation. In quantum theor^r 
the vector representing the state of a system at time t, u 
derived from the vector 4 ^ representing the state initially, by 
a unitary transformation U(<}. These transformations form a 
group with the law of comp<»ition, 

U(/x) U(/b)-U(/,+^, 

whence a particular transformation, Uii), can be expressed in 
the form, 

where »• — — i, and H is in effect the infinitesimal operator 
of the group {U(/)}. h is Planck’s constant divided by 27c — 
introduced into the above expression to give H the dimensions 
of energy and thus justify its name as the Hamiltonian operator. 
Hence satisfies the equation, 

” » 3 / ~ 

The form of the operator H is determined by two considera- 
tions — ^the wave equation for i|» must be relativistically invariant 
and it must be approximately equivalent to the Gordon- 
Schrodinger relation, 

H*/c*- pi*+ p** + + wV, 

where pt, pt, P% are the momentum operators and m is the 
proper (rest) mass of the electron. Therefore, since H is linear 
in djdi, it must also be linear in djdx - iptik, etc. Accordingly 
it must have the form, 

H - c(a,Pi + + a*tnc). 

The second condition then shows that the “ spin ” operators 
*1, >•, «« must satisfy the equations, 

Ctn* - I, 

o, (m + n). 

The RepresentoHon of the Spin Operators. — Dirac [i] and 
Schouten have shown tlmt the spin opa*ators aj, «(, at, ot can 
be e 3 q;>ressed in terms of two permutable sets of quatemionic 
operators (oi, a„ ot) and (pi, pt, pt) by writing 

Oi- - tata„ (Tt- - ia,ai, Wt- - laiCi ; 
pi- - pt- CiatatOt, pt - Ot. 

«i*- I, Px*- 1 . etc-, 
oiot- ia„ ptpi - ipt, etc. 


Then 

and 
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It follows that the irreducible representations of the spin 
operators are matrices of four rows and columns, which are 
determined from the matrix representations of the quaternions 
by the equations, 

0 ^ 1 “ PlO^ly Pi<Ti| ttf** PiCTti 0 C 4 *« p 4 * 

All the irreducible representations are equivalent to a 
particularly simple set of representations, in which all the 
matrices are " four-point " matrices, i.e. matrices such that in 
any row, or in any column, there is only one non-zero element, 
and this element is ± i or ± i. A geometrical deduction of 
this result has been given by 2 ^riski (1932). He notes that the 
four spin operators and their products represent certain 
collineations in three-dimensional complex projective space. 
If ^ and Y ^^7 t;wo products formed from the spin 
operators, e.g. at** and aiaaa«, then (a) P*- ± i, y*" ± ii and 
(b) Py“ ± yP* These relations imply that the collineations are : 
(a) non-degenerate and involutary, and (b) permutable. Hence 
the spin operators generate an abelian group of involutary 
collineations of order sixteen. By means of a theorem due to 
Study it can then be proved that this ^oup is the collineation 
group of a Kummer configuration. This result yields at once 
the explicit form of a representation of the group in terms of 
four-point matrices, first given by Eddington in 1928 [i]. 

In studying the properties of this group it is convenient to 
take as a basis four anti-commuting matrices, £1, £<, E«, E4, 
which satisfy, 

E„*- - I, E„E„-> - E,E„, (p+ p). 

Let £, » (EiE |E »£«. 

Then E,*- — i and E„E,- — E,£„. 

Finally we write, 

E,,Ev“ “ £,£,,, (|t, v** I, 2 , 3> 4> S 1 I* 

E,, ■“ En* ™ Eei». 

The fifteen matrices are now all anti-symmetrical in the 
sufiixes (t and p. They anti-commute (i.e. are " perpen- 
dicular ”) or commute according as they have or have not one 
suffix in common. Not more than five matrices can be mutually 
perpendicular (Eddington [i]j, and all the possible sets of five 
natiurally perpendicular matrices are obtained by fixing one of 
the two suffixes, e.g. £««, Eu, Eti, £u) Eti [i and 2]. In such 
a perpendicular set two matrices are wholly real and three are 
wholly imaginary (Eddington [3], Newman, Zariski). Ail 
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fifteen of the matrices E^ are ** skew/’ if is the element 
of one of these matrices m the row and column, then, 

the asterisk denoting the conjugate complex quantity. 

It is also convenient to write Fi, F|, . . ., F,. for the 
matrices now using a single suflSix notation, and to put 

Fu»t. The set of sixteen matrices, {F,,}, is called a complete 
set. Two complete sets, {F„} and {F/} in one-to-one corre- 
spondence, provide equivalent representations of the same 
aWract group, and are connected by the canonical trans- 
formation, 

F/-P»FP, 

where P - - SF„F/, P^ - i LF/F,., 

4 4 

and Ptp-PPt-i. 


The Transformation Theory . — The components of a mixed 
tensor, T/, can be regarded as the elements of a matrix T 
with four rows and columns. Any such matrix is a linear 
function of the sixteen matrices, {F„}, of a complete set ; 
whence T is expressible in the form 

T» S/,iF,,'» 

where the are numerical coefiicients called the matrix com- 
ponents of T. The matrix components and the tensor com- 
ponents are connected by the relation. 


where x(A) denotes the characteristic or trace of the matrix A, 
i.e. the sum of its diagonal elements. (In the lai^uage of 
tensors, x(T) is the contracted tensor of T, and is therefore an 
invariant) [i and a]. 

The law of transformation of a mixed tensor, i.e. 


2 ?*!- 
».» dXr 


T/ 


dx, 

w: 


can be written in matrix form as 


T' - QTQ-S 

where Q is the matrix whose \i,p- element is If 

Q ■■ exp 0 »■ cos ^ 6-|- sin id . Ep„ 
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^ht o£ the matrix components of T are unchanged (the co- 
efficients of the F's which a>mmute with £„), and the four 
remaining pairs are rotated according to the law 


// «• sin 0 + /, cos 6, etc. 


The set of transformations obtained by taking (i, v •- 1 , 3 , 
3t 4/ S (l^ * ") generate a group, under the transformations of 
which <!•, ^«oi /lo behave like a vector in five-dimensional 

space, while the components /i*, /it* •••>^41 transform as a 
10 - vector, and - itx(T) is an invariant. If we consider 
the sub-group obtained by suppressing the transformations 
involving the sufiix “ 5,” then the sixteen components' 
constitute (a) two invariants ^ and ; (6) two-space 
vectors /i., /i*, /t«* /i* and /J; (c) a 6-vector i,$, /n* 

/it* /u> /mi /h> 

W'aw Tensors . — In Dirac's theory a wave function i)* is a 
matrix of one column with elements (<)>i, t)i„ i|>,, The 
adjoint matrix is a one-rowed matrix with elements 
('ti * '}'•*» 'I'*** '!'«*)• Hence <|(^»{» denotes the inner product of 

and it** ’l'i*'l'i + 4't*'l't + 'l<t*'{'t + denotes the 

outer product — a matrix J whose ft, v— element is 

The matrix components of J are given by 


y.= -jx(JF,)--ifF.+, 
the last expression being the chain-product 

Tensors which are represented by matrices (with aero 
characteristic) which are the outer products of two <j»-vectors 
are called by Eddington “ wave tensors.” They have a number 
of interesting properties : the factors of such a wave tensor, 
say J* <|», and satisfy the wave-equations, 

(yiEi+ yiE*4- ;iE.+ y4E4+ yiE,)4' - o, 

4»^(yxEi+ y*E,+ ytE»+ y4E4+ ;;e,)-o. 

The following identical relations (first investigated by 
Darwin) connect the components jt, • • •* y« : 

i* 14 + y*»4 + y* 44 + y*44 + y*i* “ o, 

y*« + y« + /m+ y*« + y*» - o» 

Ju/u + Jm/m + JmJm + Jm/u " o* 


and 
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Let X }**> itf /«t) and P « ;■ in* /«) be the two 

4*'vector8 contained in J. Let I denote the invariant jw and 
S the 6 -vector (/••» in, iu, ju, i n, Jm). Then X and P are at right 
angles and of equal length and IS equals the vector 

laoduct of P and X. 

This sumnuirises the mathematical analysis underl3ring 
^dington’s work. The physical applications will be reviewed 
in the next number. 
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nmnOB. By L. F. Batbs, B.Sc.. Pb.D., F.Iiist.P., University College. 
London. 

Tho Nmtnm . — Our knowledge of the neutron, to which reference 
was made on p. 25 of the July issue of Science Progress, ^ 
now been extended by the publication of three papers {Proe. 
Roy, Soe., 186 , 693, 1932). In the first of these, J, C^dwick 
deals with the examination of the penetrating radiation emitted 
when boyllium or boron is bombarded by a-partides from 
a powerful source of polonium. This radiation u supposed to 
consist of neutrons, a neutron being assumed to consist of a 
proton and an electron in very close combination. 

The polonium source was placed on one side of a small, 
evacuated chamber, so that the a-rays could bombard a piece 
of b^llium on the opposite side of the dhamber. The pene- 
trati^ radiation so produced passed through a thick sheet of 
aluminium and into an ionisation chamber connected to a valve 
counter. Deflections of the counter corresponding to partides 
of considerable ionising power were recorded. These were 
shown to consist of recoil atoms of the dements, such as 



PHYSICS «oi 

•nitro^, throogh which the radiation passed. Now the 
vdoaty acquired by such an atom, and hence its ionising 
power, could be calculated on the basis of the neutron hypo- 
thesis, and the experimental values were found to be in good 
accord with such ^culations. 

Chadwick supposes that the process of emission of a neutron 
is analc^us to the production of a proton in artificial disinte- 
gration, and the experimental evidence suggests that the mass 
of the former probably lies between i *005 and 1 *008, and that 
the binding energy of the electron and proton which form the 
neutron is about one or two million electron volts. 

In the second of these papers, N. Feather describes an 
esroansion chamber investigation of the elastic and inelastic 
cofiisions between neutrons and nitrogen nuclei. He observed 
that recoil tracks, of maximum length about 3*5 mm. under 
standard conditions, occurred with considerable frequency ; 
this is in good accord with the neutron hypothesis. About 
130 cases of interaction between a neutron and a nitrogen 
nucleus were observed, and many examples of paired tracks 
with a common origin were recorded. These were regarded as 
evidence of a certain kind of disintegration of nitrogen nuclei 
by neutrons. In this type of disintegration it is supposed that 
a neutron is captured by, and an a-partide expelled from, the 
nitrogen nudeus. A second type of disintegration, however, 
appears to be possible. Here the neutron is not captured, and 
it appears possible that a proton is expelled from the nitrogen 
nucleus. 

Of thirty-two examples of paired disintegration tracks, 
twelve were recognised as cases of neutron capture with a fair 
degree of certainty. They could all be explained on the 
assumption that an a-partide was expdled, and that the new 
nudeus so formed was a boron nudeus of mass 1 1 . It may be 
mentioned that in the case of a disintegration with capture the 
tracks must be coplanar, and non-coplanar in the case of 
disint^ation without capture. 

Disintegrations without capture are rather difiicult to 
eaqilain, and it was assumed that they resulted in the formation 
of a carbon nucleus of mass 13 and a proton, although the 
possibility of the production either of a carbon nudeus of mass 
13 and a hydrogen nudeus of mass 3, or of a boron nudeus of 
mass 10 and an a-partide, cannot be exduded. The hydrogen 
nudeus of mass 3 would be, of course, the isotope of hydrogen 
H', recently reported by Urey, Brickwedde, and Murphy 
(PAys. Rtv., 40 , i, 1933). The possibility that H‘ may have to 
be accepted as a unit in the structure of the nudeus means that 
tffguments based on mass-defects and packing fractions will 
have to be used with greater care, and it looks as if the problem 
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of nudear atructure is much more complicated than has 
previously been imaged. 

In the third of these papm, P. I. Dee discusses the inter- 
action between neutrons and electrons. A collision between a 
neutron and an electron would be e 3 q>ected to result in the 
latter acquiring a velocity up to a maximum of 6*6 x lo* cm. 
per sec. Such an electron would recoil with a maximum range 
of 3*4 mm. under standard conditions. This is in marked con- 
trast to the rai^e to be expected if the penetrating radiation 
emitted by beryllium were of the nature of a very h^d /-radia- 
tion ; for, on the quantum theory, an electron might then 
acquire sufficient energy to give a range of some metres. Hence 
the observation of short electron tracks would provide an 
important, independent test of the neutron hypothesis. 

Actually, in his experiments vrith a Wilson expansion 
chambo', where special arrangements were made for the detec- 
tion of individual ions. Dee found that the production of recoil 
electrons by neutrons occurred very much less frequently than 
the production of recoil nitrogen atoms. Indeed, it was found 
that along a neutron track not more than one pair of ions per 
3 metres of air was formed ; this is about one hundred times 
less than the number of nitrogen recoil tracks produced. 

We see, then, that whilst the new evidence is in favour of 
the neutron hypothesis, much remains to be done before its 
effect on the problems of nuclear structure can be properly 
appreciated. 

The existence of an isotope of hydrogen of mass 2, to which 
reference has been made above, has been confirmed by W. 
Bleakney {Pl^s. Rev., 41 , 32, 1932^. He has made use of the 
fact that the triatomic hydrogen ion (H^ H* H‘)+ of mass 3 
is formed by electron impact at a rate proportional to the 
square of the pressure, when the pressure in the discharge tube 
b very low. At the same time the ion (H‘ H')+, also of mass 3, 
b formed at a rate proportional to the pressure. Hence the 
two ions can be investigated by means of a mass spectograph, 
desimed for low-pressure work. 

The total number of ions of mass 3 was measured per unit 
electron current in the spectrograph and plotted against the 
pressure, p. A curve of the form Imxap + bp* was obtained, 
and from thb the relative numbers of the two ions were found. 
For a sample of commercial electrolytic hydrogen the ratio of 
the number of molecules of H* to the number of molecules of 

was about one in thirty thousand ; for a sample concentrated 
by Urey, ]&ickwedde, and Murphy, it was about one in a 
thousand. 

The mass of H* has been found to be 2*01353 ± 0*000064 
by K. T. Bainbridge (Pkya. Rev., 41 , 115, 1932), who com- 
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pured the mass of (H* H* H')'*’ with He*^ on fourteen spectra, 
obtained with the mass spectrograph which he recenuy de* 
scribed {Phys. R$v., 40 , 130, the masses of hwum, 

hydrogen, and the electron respectivay being taken as 4*00216, 
1*00778, and 0*00055 on the 0“ ■« 16 scale. Hence if the H* 
nucleus is composed of one proton and one neutron of mass 
1*0067, binding energy will be somewhat under one 
million electron-volts, and hence the H* nucleus will be 
loosely bound compared with those of helium and other light 
atoms. 

Gtntral CorUribuiums.Since the publication of the measure- 
ments of Busch and of Wolf on the ratio of the charge to the 
mass of an electron, we have been familiar with the possibility 
of focusing a beam of electrons by means of a longitudinal 
magnetic neld. As a solenoid canying a current may be used 
to bring to a focus a narrow beam of electrons travelling along 
its axis, we may term this solenoid a magnetic lens. 

The question now arises as to whether we can devise an 
electric lens. This question is answered by Knoll and Ruska 
{Ann, der Phys., 12, 607, 1932) in a description of some 
experiments on the behaviour of electrons and their similarity 
to corresponding experiments with light waves. They took a 
spherical condenser and bored holes through the spheres, so 
that a narrow beam of electrons might pass through the centre 
and then emerge from the condenser. When the appropriate 
difference of potential was established between the conductors, 
the inner one being positive, the radial field of force acted 
upon an electron beam in much the same way that a converging 
lens acts upon a beam of light. It is obvious, of course, that 
owing to the presence of the internal field the velocity of the 
electrons inside the condenser is different from that outside, 
although the velocity before entry is the same as the velocity 
after emergence. 

The value of the ratio kfe has been determined by several 
well-known methods. From the limiting frequency of a beam 
of X-rays the value 1*3705 x io“” is found. From a deter- 
mination of the ionisation potential of mercury (vide Lawrence, 
Phys. Rev., 28 , 961, 1926), we get 1*37515 X io"«, and, 
now, we have a new determination by Meibom and Rupp 
{Ann. der Phys., 18 , 725, 1933). They measured the veloaty 
of a beam of electrons by a method similar to that used by 
Chaffee and Perry in the latest determination of «/m», and they 
also measured the wavelength of the electrons in the beam by 
the diffiaction pattern produced by a thin gold-foil. The 
wavdength is connected with the velocity by the de Broglie 
fomula, A (h/m,* o) • Vi — Since elm, is accurately 

»Q0wn, the value of hje is obtamed. In this way Meibom and 
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Riq>p obteised the value i>3798 X lo*^, whidb is sup|>oted 
correct to about three parts in a thousand. 

An interesting es^eriment in superconductivity is described 
by Meissner and Steiner {Z*U. ^Ur Phys., 76 , soi, 1932), who 
fat that it might be possible to obtain information concerning 
the nature of superconductivity by Brin^ slow electrons through 
a sheet of metal when in the superconducting state. The basic 
idea was, that since the mean velocity of an electron in super* 
conducting tin corresponds to a fall through 2*4 volts, a beam 
of slow electrons after passage through the metal surface ought 
not to be affected by collision with conduction electrons or 
metallic atoms, and should therefore pass through unimpeded. 
Accordingly, a beam of slow electrons from an oxide-coated 
cathode was fired into a tin foil when the latter was in the 
superconducting state, and also when in the ordinary conduct- 
ing state. No change was observed ; the electrons did not 
penetrate the superconducting foil. 

Meissner (Atm. der Phys., 18 , 641, 1932) also describes 
another expmment in superconductivity. He took a lead wire 
and maintained it at a temperature of either 1*3 or 4*2° K, 
w^n, under normal circumstances, the wire would be a super- 
conductor. However, by the application of a magnetic field of 
requisite strength a superconductor may be caused to regain 
a measurable resistance, when it is far below its normal 
transition temperature. Accordingly, Meissner measmed the 
resistance of the wire for a series of applied fields, when its 
temperature was maintained constant at one of the above- 
mentioned temperatures. In very low fields the wire had a 
resistance too small to be measured, but at a certain value of 
the field the resistance suddenly became finite, and continued 
steadily to increase as the field was increased. 

Meissner thus obtained curves of resistance with magnetic 
field for the temperatures 1*3 and 4*2° K, and by extrapolation 
to zero field, he obtained values which he regarded as the 
resistances which the wire would possess at these temperatures 
if the phenomenon of superconductivity were not present. 
These extrapolated values, together with values of the resistance 
obtained in the ordini^ way at temperatures outside the 
range of superconductivity, were plotted on a resistance- 
temperature graph. The curve obtained corresponded to 
Grttneisen's law, between 1*3 and 20“ K. Hence, when 
supaconductivity sets in, that portion of the resistance which 
is smne function of the temperature disappears at the same 
time as that portion which does not depend on the temperature. 
It wUl be remembered that those workers who suggest that 
impurities are responsible for the phenomenon of supercoir^c- 
tamty, consider that the impurities raise the resistance until the 
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tawiaition tenmorature is reached, when their effect suddenly 
disai^tears and the material assumes the low value of the 
resistance to be expected on the T* law. Mdssner’s latest 
eaperiment does not appear to support this view. 

A new probe method for the investigation of discharge tube 
phenomena is described by J. Johannesson (Ann. der Phys., It, 
9S3» He suspends a semicircular wire by one end from 

a vertical torsion wire. The thickness of the former wire is 
made as small as possible compared with the mean free path 
of the gas molecules in the discnarg^ tube. It is so suspended 
that it forms a portion of an equipotential surface within a 
cylindrical discharge tube. When it is raised to different 
potentials with respect to the earthed end of the tube, it 
becomes char|;ed, and is caused to rotate about the axis of the 
suspending wire. The deflection is proportional to the differ- 
ence between the applied potential and that of the re^on of 
the tube in which the wire is placed, and to the field in tlus 
region. The wire produces little deformation of the field in 
its neighbourhood, as the applied potentials do not differ 
appreciably from that of its surroundings. The system 
possesses a stationary zero. Gearly, when no deflection results, 
the potential applied is the same as that already established 
in the tube. 

The potential applied to the wire is measured by an electro- 
meter of somewhat new design, of which details must be 
obtained from the original paper. The current collected by the 
wire is measured, together with the deflection, and the results 
are compared with those obtained by the ordinary and the 
Langmuir probe methods (c/. Science Progress, No. 85, p. i, 
1997). A graphical method is used to determine the exact 
potential at wluch no deflection occurs. 

The new method gives values of the potential at any point 
in the discharge tube which are 5 to 35 volts higher than those 
given by the ordinary probe method, and values about i to 3 
volts lower than those g^ven by the Langmuir method, i.e. it 
agrees with the Langmuir method within the limits of experi- 
mental error. An interesting result of the investigation with 
the new system, is the discovery that a stream of gas (air) passes 
from the cathode to the anode. This stream is attributed to 
the motion of negative ions, and it varies in the striated positive 
column in a manner opposite to that in which the field 
varies. 

R. Wierl has continued his work on electron diffraction 
by molecules. In his first investigations (Ann. der Phys., 8 , 

1931) he examined about twenty cases of molecules 
with sml-known structures, and showed that the method of 
exa minat ion is simple and ^ves reliable results. In his latest 

*4 
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paper {Ann. d$r Pky$., 1 S> 453, 193s) he has shovro that it 
may be wplied to the examination of more complex molecules 
and ftxc the elucidation of special points of interest to chemists. 
Indeed, the complete ezpenmentm equipment has already been 
placed on the market by a German nnn. 

Whereas in the case of scattering of X'ra3rs by gases, the 
electrons in the molecules play a very important rdle and the 
nudei play but little, in the case of electron diffraction by gases, 
the electrons play very little part and the atomic centres are 
all-important. Now, the atomic centres are arranged in a 
definite manner in the molecule, and, consequently, electrons 
are scattered by a molecule in a way which can be calculated 
by wave mechanics, if the arrangement of the atoms is assumed 
and the wavelength of the electrons known. The experimental 
procedure consists in passing a beam of swift electrons through 
a fine jet of organic vapour which emerges from a small orifice 
into a highly evacuated chamber. The electrons are difiFracted, 
and the pattern formed on a photographic plate consists of a 
number of concentric rings of which the intensity distribution 
conforms to the distribution of the scattered electrons. The 
actual distribution can therefore be measured and compared 
with the calculated distribution. The method is thus very 
suitable for dealing with isolated molecules in the free state. 

Our knowledge of the K series of X-rays of light elements is 
much augmented by the work of H. W. B. Skinner {Proc. Roy. 
Soc., IK, 84, 1932), who has examined the critical potentiab 
of metalUc lithium. He finds that they consist of certain low- 
voltage potentials, with, in addition, three potentials at 537, 
56*2, and do* I volts respectively, which correspond to li 
K-radiation. On examimng the K-radiation of lithium by 
the photo-electric method, which he has succeeded in making 
sufBaently sensitive for the pu^se, he finds that it consists 
of a band, extending to a maximum energy corresponcUng to 
54*1 volts, which is in agreement with the lowest excitation 
p^ntial for the K-radiation. 

The cluef interest in this work lies in the comparison of the 
observed critical potentials recorded above, with the calculated 
eneigy levels of the free lithium atom, 'i^e critical potential 
at 53*7 volts may be compared with the radiation potential 
corresponding to a K to L electron transition in the free lithium 
atom, which is 5 3 *0 volts. Remembering that the experimental 
measurements were made with metallic lithium, and not with 
firee atoms, the critical potential at 6o*i volts may be satisfac- 
torily corrmted with the calculated ionisation potential of the 
free atom, namely, 62*5 volts. 

The existence of a radiation potential corresponding to a 
K to L electron transition is rather unexpected, because the L 
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level wottM normally be completely filled vvith dectroiut. 
Sfcmner shows, however, that when an electron is removed from 
the K level, all the levels are automatically altered in such a 
way that there are formed empty levels in the atom into wUch 
the K electron may move. These L levels, which are, of course, 
the levels in which the conduction and valency electrons are 
situated, must have associated with them practically the same 
energies as the L levels in a free atom. Skinner further suggests 
that the remaining critical potential, that at 56*0 volts, is the 
beginning of a senes of unresolved radiation potentials, which 
presumably correspond to electron transitions such as K to M, 
etc. 

Teachers of physics should be much interested in the 
excellent set of isothermals of hydrogen at temperatures between 
0“ and 100® C. for pressures up to 1,000 atmospheres, described 
by Michels, Mjhoif, and Gerver (Ann. der Pkys., 18 , 562, 932). 
Their measurements were made by the method described in 
Ann der Pkys., 87 , 850, 1928, and fVien-Harms Handbnck der 
Experimentalpkysih, VIII, 2, 106. 

R. W. Gurney has extended his work on the (quantum 
mechanism of electrochemistry by a most useful discussion 
(Proc. Roy. Soc., 188 , 378, 1932) of that ancient problem, the 
connection between the Volta contact potential difference and 
the heat liberated when the solution of the metals in a voltaic 
cell takes place as an ordinary test-tube reaction. He solves 
this problem by showing that there is a concealed relation 
which allows us to prove that the heat liberated in the test-tube 
reaction is itself determined by the Volta potential difference 
characteristic of the reacting metals. 

He avoids much unnecessary confusion by calling the actual 
potential difference at a metal-liquid surface the interface 
potential. In the particular case of a copper rod and a nnc 
rod dipping into copper sulphate, let the interface potentials 
be V« and V| respectively, and Q, and Q, the respective heats 
of solution of one ion. Then, when one zinc ion displaces a 
oopper ion from the solution, the total heat of reaction is 

The fint term in the last expression is easily shown to be 
equal to V»tf the Volta potential difference between the metals, 
by considering what is taking place around a particle of copper 
in process of deposition on the zinc rod. Hence, the heat of 
reaction measured calorimetrically will be Z’S'Vm 4 - (0« “■ ft)- 
Snoe, in the general case of any two metals, the second torm 
it usually smim compared to the first, the Volta contact poten- 
tial difference automatically fixes the heat of reaction. 

The original paper should be consulted for a full treatment 
of the general case and the Gibbs-Heimholtz equation, and a 
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neat dissertatioii on the application of modern ideas on metallic 
conduction to the problems of electrolysis. 

Tkt SeaUering of Hard Gamma Rays . — A series of careful 
researches on ^radiation has recently been published by L. H. 
Gray and by G. T. P. Tarrant. We shall not deal with them 
in detml, since, for our purpose, it is sufficient to concentrate 
on their latest publication, a joint paper in the Proc. Roy. Soc., 
IM. 663, 1932, on the nature of the interaction l^tween 
Y-radiation and the atomic nucleus. 

Several workers have shown that certain peculiarities are 
exhibited in the absorption of strongly filtered yradiation from 
thorium C', both in the magnitude of the absorption and in the 
way in which it varies with the nature of the absorbing element. 
These peculiarities have been attributed to interaction between 
Y*radiation and the nuclei of the atoms of the absorbing 
material. In the case of absorption in lead, it has been shown 
that such interaction accounts for 20 per cent, of the total 
absorbing power of the lead atom. It is roughly proportional 
to the square of the atomic number of the absorbing element, 
and appears to increase regularly from element to element. 
Absorption data obtained with sources of radium (B + C) have 
also lent support to these conclusions. 

The pap^ to which reference has just been made repre- 
sents an attempt to describe the nature of this interaction. It 
therefore discusses the elimination of radiation re-emitted 
without change of wavelength and of radiation scattered by 
the Compton process, leaving only the radiation scattered by 
the atomic nuclei in an absorbing; material. A careful study 
was made of the secondary radiation emitted at angles of 125** 
wd 14s** with respect to tne direction of the primary radiation, 
since here the chance of confusion is small, because the Compton 
radiation is relatively v^ much weakened by large ang;le 
scattering, is thereby considerably softened and therefore easily 
absorbed, whereas the nuclear ramation is practically unaffected. 

The absorption of such secondary radiation from a cylin- 
drical radiator, whose inner surface was exposed to y-radiation 
from thorium C' or from radium (B + C), was studied by using 
cylindrical sheets of the absorbing material aroimd an ionisation 
dhamber placed inside the irradiated cylinder. The chamber 
was, of course, shielded from the direct radiation of the source. 
The logarithm of the intensity of the secondary radiation 
received by the chamber was plotted against the thicloiess of 
the absorber. Curves were thus obtained for the secondary 
radiation emitted at aisles of 125** and 145° when a thorium 
C' Murce was used, and at an angle of 125^ when a source of 
radium (B + C) was used. With lead absorbers the three 
curves were very similar and approximately parallel to one 



PHYSICS 309 

another. This deariy means that there was no appreciable 
diflEerence in the character of the secondary radiation, and that 
but little Compton radiation was present. Consequently, it is 
presumed that the absorption of a quantum of the primary 
radiation leaves the nudeus in an exdted state, and that the 
secondary radiation examined bv Grey and Tarrant is redly a 
duuracteristic radiation emitted by the nudeus when it returns 
to its normal state. 

In order to make further progress, it is provisionally assumed 
that there is some threshold frequency above which such inter- 
action is possible. The value of this threshold frequency 
cannot be deduced from absorption measurements, unless some 
further assumption is made as to the manner in which the 
nudear absorption coeffident varies with the wavelength of 
the primary radiation. It is therefore provisionally assumed 
that this coeffident is zero on the long-wave side of the 
tlu'eshold, and that it decreases continuously with the wave- 
length on the short-wave side. Then, from the distribution of 
energy in the radium C spectrum, it is estimated that the 
threshold wavelength is 7 X’U, which corresponds to a quantum 
of 1*8 million electron-volts. 

This estimate agrees with that of Chao (Proc. Roy. Soc., 
1S6, 306, 1933), obtained from measurements of the absorp- 
tion coeffidents in lead and other elements with roughly mono- 
chromatic Y-rays of various wavelengths between 47 and 
9*3 X'U. It also receives an independent check from observa- 
tions on the relative intensities of the characteristic radiations 
exdted by thorium C' and radium C radiations, which we will 
not discuss here. It is an important fact that the value of the 
threshold wavelength appears to be the same for tin as for lead. 

It is found from an examination of the total nuclear radia- 
tion from lead that each exdtation of a lead nucleus is followed 
by the emission either of one quantum of hard radiation of 
k» OB 0*93 million electron-volts approximately and one quan- 
tum of softer radiation oi k» «= 0*47 million electron-volts, or 
of three quanta of the softer radiation, assuming the emission 
to be spatially isotropic. 

A series of experiments was also carried out with tin, iron, 
and water (virtually, oxygen) as radiators, and it was found 
that the absorption curve in lead changed but very little from 
substance to substance. Inddentally, the secondary radiation 
from the walls of the room, for which cmrection was made, 
was of nuclear origin, since it exhibited the same absorption 
curve as the radiators. 

The analysis of the absorption curves of lead and tin shows 
that the quanta of the characteristic radiations are practically 
the same for both, and it is therefore supposed that the same 
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radiatioiis are emitted by the two nudei. Hiis would account 
for the similarity of the absorpdon curves from different 
radiators. 

It appears that the fraction of the prima^ radiation whidi 
is transfcntned into characteristic radiation is the same for all 
the radiators. Consequently, it is conduded that in all cases 
the absorption of a quantum of 2*65 million electron>volts from 
thorium C' exdtes the nudeus, and causes the subsequent 
emission of quanta amounting to 1*4 million electron-volts. 
There remains, then, some energy to be accounted for. The 
propc^ons of the two components, viz. 0*92 and 0*47, which 
constitute the secondary radiation, vary from element to ele- 
ment, so that they must be regarded as alternative modes of 
emission. 

Gray and Tarrant give a tentative representation of the 
exdtation process in terms of energy levels. To give a picture 
of the emission process it is important to know how the exdted 
nudeus disposes of the excess energy not accounted for in the 
secondary radiation. It is important, for instance, to know 
whether it may emit a quantum of soft radiation, which would 
be selectively absorbed in lead, and therefore difficult to detect. 
It appears fWly certain that the radiation of the same wave- 
length as the priniary radiation is not re-emitted. 

As the osallating units responsible for the secondary emis- 
sion the a-partides m the nudeus are suggested. This would 
explain why the secondary radiation is proportional to the 
square of the atomic numb^, and why it is the same from 
different elements. The individual protons in the «-partide 
could then be regarded as the individual osdllators, but 
further speculation at this stage does not appear to be desirable. 

CiaOlbOCIT. By G. W. TyKKSu, A.R.C.Sc.. D.Sc., University, Glasgow. 

Pztrology — ihz I^ous Rocks . — ^The &st volume of Prof. Johann- 
sen’s new textbook has now been published (A DescripHvs 
Pstrography of the Igneous Rocks. Vol. I ; Introduction, Tex- 
tures, Classifications, and Glossary. Univ. of Chicago Press, 
i, 93 i> 267 pp., 145 illustrations). Following a general introduc- 
tion there come chaptos on the constituents, structures, 
textures, and classifications of the ip;neous rocks. The bulk of 
the book deals impartially with various modes of classification. 
T^ imigmatic classifications of Osann, C. I. P. W., Hommel, 
N^li, and von Wolff, the various qualitative and quantitative 
mineralogical systems, and finally Johannsen’s own quantita- 
tive mineralogical ssrstem, are passed in review. A most 
vfthiable glossary of general and textual tmns b riven, along 
with some useful tabular matter. The book provides matpiifl- 
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cent iUuttrations of textures, and photographs of the pioneers 
of petn^raphy along with petrographers prominent in classifi- 
catory work. 

In a most valuable memoir on " Die quantitative mineralo- 
eische Klassiflkation der Erimtivgesteine,” Prof. P. Niggli 
{Sckweiz. Min. Petr. Mitt., vol. XI, 1931, pp. 296-364) makes a 
much-needed distinction between the classification of magma- 
types on the one hand, and rock-types on the other. After 
some penetrating criticism of the bases of Johannsen’s system, 
he proposes modifications which tend, in his opinion, to bring it 
more into harmony with Rosenbuch's familiar and more 
natural ” scheme of classification, and to supply the latter 
with the quantitative basis the lack of which was its chief 
defect. In our opinion Niggli’s is the best quantitative 
mineralogical classification of igneous rocks which has yet been 
proposed. 

Johannsen briefly replies to Niggli’s criticisms of his system 
of classification in a paper entitled, “ Die quantitative mineralo- 
gische Klassiflkation der Eruptivgesteine ” (Cenir. f. Min., Abt. 
A, 1932, No. 5, pp. 146-51). 

In a paper on “ Classification of Igneous Rock Series," Dr. M. 
A. Peacock (/o«m. GeoL, vol. XXXIX, 1931, pp. 54-67) points 
out that some rock series cannot properly be classed either as 
alkalic or sub-alkalic. To meet such border-line cases as these 
he proposes a fourfold division into alkalic, alkali-calcic, calc- 
alkalic, and calcic groups. From a graphical representation of 
thirteen rock series it is shown that the silica value at which 
the curves for total alkalis and for lime intersect (the allmli- 
lime index) is characteristic of a rock series, and can be utilis^ 
to delimit the above four groups, in which certain diagnostic 
minerab must abo be present. 

Prof. P. Niggli has provided a useful summary of his views 
on mineral provinces and paragenesb in the second edition of a 
German dictionary of science {Handwdrierbuck der Naiurwiss., 
vol. VI, 1^1, pp. 1028-33). 

Dr. E. Tr6ger (" Zur Sippenteilung magmatischer Gesteine," 
N,J. f. Min., B.-B., 6B, Abt. A, 1930, pp. 249-330) has add^ 
one more to the endless procession of magmatic projection 
systems. He indicates analyses by a point within a " diiferen- 
ttttion-cube," the sides of which measure the “ acidity ” (reb- 
tion of silica to metallic oxides), the rebtions of alkali-feldspars 
and feldspathoids to anorthite, and the rebtion of potash to 
soda feldspars (or of leucite to nepheline). A differentbtion 
series b indicattm by a line within the cube. By this statistical 
method Im comes to the rather trite conclusion that the Atbntic 
and Pacific kindreds (sippen) in Becke’s original sense are 
thoroughly substantbted. He erects, however, a third 
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kindred — the Predazzian — which stands midway between the 
othtf two. Three sub-kindreds are established : the Mediter- 
ranean, to accommodate highly pota^ic basic rocks ; the anti- 
Mediterranean, for highly sodic acid rocks ; and the anorthositic 
sub-kindred. 

A valuable compilation of chemical analyses of ^eous 
rocks, metamorphic rocks, and minerals, mainly from British 
lo^ities, has been made from the Geological Survey records by 
Miss E. M. Guppy and Dr. H. H. Thomas (Mem. Geol. Surv. 
Gt. Britain, 1931, 166 pp.). Petrographical descriptions have 
b^n written by the last-named author. The volume concludes 
with a discussion of Methods of Analysis by F. R. Ennos and 
R. Sutcliffe, which is a distinct contribution to the difficult 
subject of rock analysis. 

W. Larsson has similarly provided petro^phers with a very 
useful compilation of analyses of Swedish rocks — ^^eous, 
sedimentary, and metamorphic (Bull, Geol. Inst. Ups<ua, vol. 
XXIV, 1932, pp, 47-196). He makes an interesting statistical 
comparison of the analyses of granites and leptites, and shows 
that the latter lave undoubtedly been subjected to secondary 
chemi^l alterations, nainly a magnesia metasomatism. Some 
halleffintas, however, indicate an early intermingling of cal- 
careous and clayey sedimentary matter with the ori^nal add 
tuffs. 

In a discussion of the ophitic texture and the order of 
crystallisation in basaltic magmas, T. KrokstrSm (Bull. Geol. 
Inst. Upsala, vol. XXIV, 1932, pp. 197-216) defends the original 
interpretation of ophitic texture that the plagioclase has 
crystallised distinctly earlier than the pyroxene, in opposition 
to the view of Bowen and Fenner that the two minerals con- 
cerned have crystallised simultaneously. TTie best develop- 
ment of ophitic texture was found in olivine-bearing dolerites. 
From this Dr. Krokstrdm goes on to consider fractional cr3rstal- 
lisation and rock genesis, and concludes with a doubt as to the 
universal validity of Bowen's prindple of crystallisation 
differentiation. 

Dr. T. W. F. Barth (Amer. Min,, 16 , 1931, pp. 195-208) 
presents evidence that the common pyroxene of the 
rocks of the Padfic, the Brito-Icelandic province, and other 
regions, is the variety rich in clino-enstatite and clino-hypers- 
thene which is known as pigeonite. He also shows that the 
early phenocrystic pyroxenes of basalts are usually poorer in the 
enstatite and h}rpersthene molecules than the lata- ground-mass 
pyros^es. P^^oxenes crystallising from basaltic magmas thus 
exhilut a r^^iar se<)uence of crystallisation from diojpsidic to 
hypersthenic varieties, during which the content of MgSiOt 
may remain constant or slightly inaease. 
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Basing' his views on the study of the North Nyassa ^eous 
province, and on the basalt of Stdffel ^esterwald), Dr. E. 
Lehmann (“ Beziehungen zwischen Kristallisation und Differen- 
tiation in basaltischen Magmen," Min. P0tr. MiU., 41 , 1931, 
pp. 8-S7) concludes that there is a definite relation bkween 
aystalusation and differentiation in basaltic mag^s. The 
initial basaltic magma in the above province yields three 
heteromorphic rock tjmes, essexite-basalt, atlantite, and horn- 
blende-basalt, of similar chemical compositions, and giving 
similar norms. If the initial crystallisation produces essexite- 
basalt, the subsequent course of differentiation yields trachy- 
dolerite and trachyte ; an atlantite crystallisation favours 
tephritic and phonolitic differentiates. Data are iiranting in 
the case of hornblende-basalt crystallisation, but it is believed 
to yield trachyandesite and kenyte differentiates. No hint is 
given as to the nature of the physical factors that influence the 
initial mode of crystallisation and therefore the subsequent 
differentiation. A penetrating review of this memoir is ^ven 
in the Geol. Mag., vol. LXVIII, 1931, pp. 189-90. 

Dr. C. N. Fenner follows up his ^t article voicing doubts 
as to the effectiveness of crystallisation-differentiation in many 
of the cases in which this process has been cited (Science Pro- 
gress, April 1931, p. 581) by a second entitled, " The Residual 
Liquids of Crystallising Magics ” (Min. Mag., vol. XXII, 
1931) PP* 539~^)) taking as his text a recent paper by Dr. F. 
Walker on a tholeiitic phase of the quartz-dolente magma of 
Central Scotland (Science Progress, cit. supra). His chief 
point, as before, is that the crystallisation residues of basaltic 
magmas are rich in iron, and are theretore incompatible with 
the orthodox theoretical view that the residues should be^ of 
granitic composition. In a paper on the origin of granitic 
magmas (cited below). Prof. P. Eskola points out, howevo", 
that granitic magmas are relatively rich in iron. Compared 
with Basalts they are enriched in soda as compared with lime, 
but far more so in iron as compared with magnesia ; but these 
enrichments are masked by their enormous augmentation of 
potash and silica. If granite analyses are recalculated to 100 
after the normative free silica and potash feldspar have been 
deducted, the enrichment in soda and iron relatively to lime and 
magnesia becomes clearly apparent. Eskola further points out 
that the residual liquid from basaltic crystallisation cannot be 
espected to give granite at once, for a granitic liquid b the end- 
product of long-continued fractionation during which ^ basic 
silicates such as hornblende and biotite oystallise out in dioritic 
and granodioritic stages, leaving residues progressively enriched 
in potash and silica. 

The problem of the association of acid and basic rocks in 
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central complexes sudi as those of the British Tertia^ province 
is iUitminatingly dealt vnth bv Prof. A. Holmes (mo/. Mag., 
vol. LXVIII, 1931. pp. 34i>-55). A significant contrast between 
oceanic and continental igneous complexes is pointed out ; 
oceanic basalt magmas differentiate with production of trachyte 
or syenite magmas, but continental basalts generally give the 
add-basic association, in which micropc^n^^titic quartx- 
dolerites are very common. This contrast is correlated with 
the differences in composition between oceanic and continental 
sectors. Two main generalisations are thereby suggested : 
(i) normal world-wide differentiation of basaltic magma is 
towards the generation of trachyte ; (2) granitic magma is 
produced only when the igneous complex has developed through 
the sial layer of the crust. The co*existence of acid and basic 
magmas, with only subordinate amounts of intermediate 
material, is characteristic of the last-named type of develop- 
ment. Prof. Holmes propounds an ingenious theory of heat 
transfer due to convective drculation in magma cupolas to 
account for the fusion of the granitic layer in the upper parts of 
the cupolas. Granitic material might be developed at the top 
of the magmatic column while normal differentiation brought 
about the basalt-trachyte association in their lower portions. 
The magmatic history of the Tertiary ring complex of Ardna- 
murchan is shown to be in accordance with this theory of 
cupola development. 

One of the side issues of Prof. P. Eskola’s masterly paper on 
'* The Origin of Granitic Magmas ” {Min. Petr. Mitt., 48 , 1932, 
pp. 45 s-*8 1 ) is dealt with above. Its main subject is the forma- 
tion of granitic magma in connection with orogenic movements 
by a pressing-out, squeezing, or filtration of the low temperature 
components, partly from more basic magma not yet fully 
crystallised, and partly from rocks undergoing differential re- 
fusion in the deeper regions of the geosyncunes. In kratogenic 
regions, as distinct from the orogenic zones, g^nitic magma is 
formed in subordinate amount by differentiation from basaltic 
or gabbroidal magmas. Certain points in the above thesis are 
illustrated by a description of the great olivine-diabase sill with 
its pegmatoid “ pipes " on the island of Sfippi in West Finland, 
andt by a discussion of Rapakiwi types of gi^ite. Eskola also 
points out that many sohd residues after differential re-fusion 
must be of extreme composition, discusses the question why the 
winift layer is nowhere exposed, and sketches the ** earliest 
history *’ of the earth in the Imht of his theory. 

- The subject of the second half of Part III of the late Prof. 
J. H. L. V<^’s exhaustive memoir on, " The Hmic^ Chemistry 
of the Magmatic Differentiation of Imeous Roc^ " {Nonka 
Vidm$k,-Ahad. Oslo, I. Maih.’Nai. Kl., 1930, No. 3, 1931, 
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a^a pp.) is the mnitic rocks. Vogt's well-known statistical 
metfods are employed in association with a penetrating phwico- 
dhemical analysis of magmatic processes. He contrasts akaUow 
deep-seated granites, such as those of the West of Scotland, 
with their residual dikes of aplite, miarolitic druses, their lack 
of pegmatites, myrmekite, and primary muscovite, with uUta 
deep-seated granites, such as those of the Archaean in Norway, 
which are rich in pegmatite and myrmekite, and are poor in 
aplites, miarolitic druses, etc. This contrast is explained as 
due to higher content of magmatic water in the latter class. 
Vogt comes to the conclusion that |;ranites are residual 
ma^;inas formed by the crystallisation-differentiation of more 
basic rocks. 

In his papa* " Die Genesis der Granite physicochemisch 
gedeutet," Vo^ (Zeif. Deutsch. Geol. Gts., 88, 1931, pp. 193-214) 
reasserts the view that granites are the results of differentiation 
in the “ rest-magma *’ direction, and that alkali granites with 
about 75 per cent, of silica are the end-products. He shows 
that the temperature interval of crystallisation of the mineral 
components steadily diminishes in the series, quartz-diorite — 
granodiorite — calc-alkali granite — alkali-granite ; and in har- 
mony with this granites, and especially alkali-granites, usually 
belong to the latest epoch of eruption in any given co-magmatic 
province. Vogt does not consider the formation of granites by 
anatexis or paUngenesis. 

Prof. Vogt further deals with the physical chemistry of the 
sequence of crystallisation in magmas with special reference to 
granites in a paper entitled, “ On the Terms Eutectic, Cotectic, 
Peritectic, Anchi-eutectic, Anchi-cotectic, etc., and their Im- 
portance in Petrogenesis " {Joum. Geol., vol. XXXIX, 1931, pp. 
401-31). He proposes to replace the term " eutectic curve " 
by a new term, " cotectic curve ” ; and gives an excellent 
summary of the physical chemistry of magmatic crystallisation 
in dealing with the other terms mentioned in the title. 

Theraper by Dr. A. Brammall and Dr. H. F. Harwood on 
" The Dartmoor Granites : their Genetic Relationships ” 
(Quart, Joum. Geol. Soc., vol. LXXXVIII, 1932, pi>. 171-237), 
which, we think, is destined to become a petrolo^cal classic, 
deals with the origin, intrusion-history, and space-form of the 
Dartmoor Granite Complex, with the aid of unusually numerous 
field, microscopical, and analytical data. The variation of the 
complex engages a silica range of 55-75 per cent., and the rocks 
vary from sub-melanocratic facies rich in biotite to biotite-free 
lencocratic types. As a whole the suite has many alkaline 
characteristics. The variation b basic to acid from (a) east to 
^MSt, (b) centre to margin, (c) a low to a high horizon in the 
asme poiphyrstic biotite-granite, and (d) early to late intrusions. 
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The older granites are locally undalain and injected by more 
add and more basic variants. 

llie observed variation is ascribed to basification of initially 
add magma, while emplacement and differentiation were pro- 
ceeding. The study of inclusions and contact-fades shows 
that the basic material consisted of country-rocks akin to the 
diabases, spilites, and shales surrounding the granite. Quanti- 
tative assessment of assimilation has been found possible by the 
study of certain minerals (cordierite, garnet), and of chemiral 
data concerning indicators such as alumina, alkalies, magnesia, 
iron oxides, and baryta. A reciprocal granitisation of the 
xenoliths has taken place, evolving hybrids ranging from rocks 
resembling homblende-diorite to rocks simiUr to biotite- 
granite. ^e proved phenomena of assimilation thus show that 
the Dartmoor granites are essentially hybrid, but to a varying 
extent. 

The Dhoon (I.O.M.) Granite, according to S. R. Nockolds 
{Min. Mag., vol. XXII, 1931, pp. 494-509), is also essentially 
hybrid. It contains numerous dots consisting of biotite in 
association with any or all of the following minerals : zobite, 
ilmenite, sphene, epidote or clinozoisite, and garnet. It is 
shown by chemical and microscopical examination that these 
dots represent the last renmants of basic greenstones which have 
been airbed by the granite. Altered xenoliths of these rocks 
are found, and all stages in their dissolution to biotite clots can 
be follow^. The evidence points to an extensive interchange 
of oxides between the original alkali-granite magma and the 
basic inclusions. 

A paper on “ The Rock Groups of Jersey, with Spedal 
Reference to Intrusive Phenomena at Ronez,” by A. K. Welb 
and S. W. Wooldridge {Proc. Geol. Assoc., vol. XLII, 1931, pp. 
178-215), describes very similar phenomena to the forgoing, 
llie Ronez Granite has been injected into gabbro in some places, 
and shattering due to immersion of cold xenoliths in hot magma, 
and subsequent gradual assimilation, is well shown by a con- 
tinuous series of observations, from angular fragments at one 
end to “ ghosts ” whose original xenolithic character b inferred 
from a dight darkening of colour and richness in coloured 
minerab in an otherwbe normal granite, at the other. 

H. H. Thomas and W. Campbell Smith have described 
“ Xenoliths of Igneous Origin in the Tr^stel-Ploumanac*h 
Granite, C6tes du Nord, France ” (Quaurt. Joum. Gtol. Soc., 
vol. LXXXVIII, 1932, pp. 274-96). Thb red porphyritic granite 
contains vast numbers of inclusions, a few 01 ordinary homfeb, 
but the great majority of " basic s^^ations ’’ wldch are 
shown to have had their origin in an earlier mass of olivine- 
norite. The roof of the granite consbts of basic igneous rock 
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of very patdby character, highly variable in composition, and 
obviously mura hybridised. Tim material, which has sui>plied 
the zenoliths, is believed to represent the effects on the origiml 
ultrabasic igneous rocks of that part of the granite magma which 
was still fluid or volatile at the time. 

The syenite of Radauthal, one of the rare occurrences of this 
rock in the granite*gabbro region of the Brocken massif (Harz), 
is now regarded by O. H. Erdmannsdorfer {Abh. d. HeidtUttr^tr 
Akad. JViss., Matk.-Nat. Kl. 16 , Abh., 1930, 61 pp.) as a pahn> 
genetic igneous rock. Its coti^sition is abnormal, only one of 
Its later pyroxene-syenite differentiates approximating to an 
igneous t^e. The syenite is regarded as due to the re-melting 
and re-solution of “ orthophyre-hornfels " by the action of a 
gabbroidal magma. 

A dolerite sheet intrusive into granite near Marandellas, 
Southern Rhodesia, which exhibits marked marginal assimila- 
tion, is described by L. Thornton {Trans. Geol. Soc. S. Afr., St, 
1931, pp. 31-47). The granite has been basified by the addition 
of hornblendic and feldspathic material, and micropegmatite 
has been formed in the dolerite. The dolerite sheet consists of 
an upper layer carrying much micropegmatite, a median layer 
of peridotite, and a thin basal zone of olivine-dolerite. An 
hypothesis involving the intrusion of two successive magmas, 
one of olivine-dolente partly differentiated, and a second of 
peridotite which was in almost a solid condition as shown by its 
protoclastic structure, is favoured. 

E)arly experiments suggested that granite melted or crystal- 
lised at higher temperatures than basalt. The question is dis- 
cussed by J. W. Greig, E. S. Shepherd, and H. E. Merwin 
Mnn. Rspt. of the Director of the Geophys. Lab., Cam. Inst., 
Washington, Year Book No. 30, 1931, pp. 75-8) in the light of 
some new experiments which indicate that rocks of granitic 
composition— -granites, rhyolites, and obsidians — ^when heated 
in the laboratory so that they are essentially free from volatiles, 
melt completely at equilibrium at lower temperatures than 
basalts correspondingly free from volatiles. To produce the 
same degree of melting under certain given conditions basalts 
required to be heated to temperatures about 300° higher than 
nanites. The bearing of these eiroeriments on tectonic theories 
based on the thermal condition of the earth’s crust, is obvious. 

1 %e experiments of R. W. Goranson on the meltii^ of 

g anite (Amer. Joum. Sci., 88 , 1932, pp. 227-36) indicate tlmt 
one Moimtain (Geoigia) granite becomes completely liquid, 
except for hsematite, at a temperature of 700* db So®, and under 
a nressure of 1,000 bars. The melt has 6-5 per cent, of water in 
Miration. Erom these and other expeimental facts it has been 
osculated that a granite magma containing i per cent, of water 
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in solution at a depth of lo km. would begin to crystallise at 
loss'*. At too'* 85 p«r cent, of the ordinal magma would have 
crystallised, and the residual liquid would contain 6*S p«r cent, 
of water in solution. This residual solution would be available 
for the formation of aplites, pegmatites, and quartz veins ; 
twothirds of it would crystallise between 700® and 500®. Of 
the original magma the roal products would be 85 per cent, of 
granite (1025-700®), 10 per cent, of aplite and pegmatite 
(700-550®), and 5 per cent, of quartz veins (500® and lower). 

The first volume of A. £. Fersmann's monograph on pegnw- 
tites, unfortunately written in the Russian language, deals with 
the granite-pegmatites {Pegmatites: Characters, Geochemistry, 
DisirtbuHon, and Uses. Vol. I: Granite-pegmatites, I93i> 
604 pp.). A good summary of the work is given in Geol. 
CentraUd., 47 , 1932, pp. 273-5, and Fersmann has explained 
his views in two papers dealt with below. A second volume, 
dealing with p^^tites of the basic rocks, especially with 
those of the syenites and nepheline-syenites, is in preparation. 

In a paper, " Ober die geochemisch-genetische Klassifika- 
tion der Granitp^;matite," A. E. Fersmann {Min. Petr. Mitt., 
81 , 1931, pp. 64-83) states that pegmatite formation takes place 
in tlmee connected stages — ^magmatic, pegmatoid, and hydro- 
thermal — the whole range bemg further divisible into ten 
tempeature stages. Regular sequences of crystallisation in 
each stage yield characteristic pegmatite types which are 
arranged in three main series — a pure or normal line, a contact 
line, and a migmatitic line. P^matites are regarded as 
magmatic residual solutions which exhibit a regular course of 
evmution by gradual precipitation on the one hand, and distilla- 
tion of volatile constituents on the other, from a molten 
magmatic region, through a fluid, pegmatoid-pneumatolytic 
stage, to final hydrothermal products. The cr]^tallisation of 
granite pegmatites occurs approximately between 800® and 100®. 

In a further paper, " Zur Geochemie der Granitp^pnatite " 
{Min. Petr. Mitt., 41 , 1931, pp. 200-14), Fersmann shows that 
Ipxmite pi^;matites consist of 63 elements, of which only 20-25, 
at most 30, play an important part, and are considered as the 
typomorphic elements of granite-pegmatite processes. In these 
elements there is a predominance of those with odd atomic 
nttmbas, of oxides with an odd number of oxraen atoms, 
especially the sesquiozide, RtOt, also R* 0 |, and KtO, and of 
minerals whose crystal axes are trigonal or anchi-trigonal. 
The numbers of minerals capable of formation in pegmatites 
is limit ed by the operation of the phase rule, and of the law of 
dottUe compounds. 

Ina paper by D. R. Derry on " The Genetic Relationships of 
Pegmatites, Aputes, and Tin Vdns ** {Geol. Mag., vol. LXvIII, 
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I93ii pp« 4S4--75)> it is suggested that pegmatites and apUtes 
are formed by squeezing during the crystallisation of granitic 
residual liquors, aplites representing the crystallised portions, 
and p^matites the h%!|;^ly aqueous liquid residues. Albite, 
along with rare elements and their comTOunds, remain in solu- 
tion to a later stage, and replace the earlier minerals as the final 
liquids migrate up the dikes and sills of conunon pegmatite. 
C^iterite, probably carried as a volatile compound, tends to 
be deposited in the uppermost parts of the dikes and sills. 
presence of tin veins or stanniferous pegmatites within a granite 
r^on depends on the depth of erosion, tin veins being found 
when only the summits of the cupolas rising from the batholith 
are exposed. Common pegmatite, devoid of tinstone, occurs 
wha’e erosion has been deep enough to cut into the actual top 
of the batholith. Tin-beanng p^^tites, however, appear at 
intermediate levels. 

According to T. W. Gevers and H. F. Frommurze (" The 
Tin-bearing Pegmatites of the Erongo Area, South-West 
Africa,” Trans. Gsol. Soc. S. Afr., 82, 1930, pp. 1 11-49), the 
great majority of the numerous pegmatites of South-W^t 
Africa belong to two types : tourmaline pegmatites, and tin- 
bearing pegmatites. They occur in gramte phacoliths which 
were intruded during active folding of the ancient sediments. 
‘!l^e authors deal almost entirely with the tin-bearing pespui- 
tites of which many different t3T>es occur. The source of the 
metalliferous vapours and solutions is the same as that of the 
p^;matites in general, and the deposits are genetically con- 
nected with the intrusion of the ” old ” granites, and have 
nothing to do with the much younger Erongo Granite of the 
same r^on. 

At Palabora (Eastern Transvaal) a remnant of marmorite 
(crystalline limestone) is separated by pyroxenites rich in 
apatite, and pyroxene-syenites, from a large surrounding mass 
of granite, vl^le S. J. Shand (Tram. Geol. Soc. S. Afr., 84 , 
pp* 81-105) regards the pyroxene-syenites as due to 
S3mtexiB between granite and limestone, he finds that the 
pyroxene-apatite rocks have arisen by gra vitative differentiation 
from the syenites. Since the pyroxemte is potash-bearing, and 
the syenite is soda-rich, this process requires the elimination of 
soda, which is believed to have been carried upwards aloi^ 
with liberated carbon dioxide. 

A. L. du Toit, however (ibid., pp. 107-27), brings forward 
evidence to show that the pjwxenite-syenite complex has been 
fonned direct additive metamorphism by the granite magma 
and ito emanations upon a mass of siliceous dolomitic limestone 
(Kaotica% «n siht. The poverty of the pyroxenite in soda and 
Its ridmess in silica, potash, and volatiles, suggest that the 
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reacting mdt corresponded to apUte or pegmatite rather than 
to normal manite. 

Dr. J. Phemister has demonstrated that the so-<alled lime- 
stone at Bad na h'Achlaiae, Assynt, Sutherlandshire (^mm. 
Prog. G$ol. Surv. for 1930, Ft. Ill, 1931, pp. 58-61), which has 
been used to support the hypothesis of limestone syntexis in 
the Loch Borolan igneous complex, is really a carbonated ultra- 
basic igneous rock (cromaltite). The occurrence thus falls 
into place with those of the Fen (Norway) region described by 
Drdgger and later by Bowen. 

BOTAVT. By Flof. E. J. Salubtoy, D.Sc., F.L.S., Univendty CoUes«, 

London. 

Ecological. — ^The distribution of the two species of Hutckinsia, 
H. wpirta and H. brevicaulis is of considerable interest, since 
H. aCpi^ is mainly found on calcareous soil, whereas H. brevi- 
caulis is chiefly met with on siliceous soil. G. Melchers has 
recently studied their distribution in detail, and from an 
examination of the values in a number of stations finds that 
the localities occupied by H. alpina are in general only slightly 
more alkaline (mean values : H. alpina^ plA, 7-34 ; H. brevi- 
ceadis, pH 7). Cultures indicate that both species are stimu- 
lated by the presence of calcium carbonate, and that growth is 
depressra by increased acidity {Oster. Bot. Zeit., pp. 81-103, 
* 93 ^. 

Experiments on assimilation in shade under natural condi- 
tions have been made by K. Hiramatsu (Set. Rep. Tohoku Imp. 
Univ., pp. 33 ^S 7 f 1932). He finds that the shade leaves of 
“ sun-plants ” usually assimilate more slowly than the shade- 
plants themselves. Both showed a marked decrease in the rate 
of assimilation at midday, followed by an afternoon rise, which 
was found to be much more marked in the shade species than 
in the sun spedes. In the same journal (pp. 129-30) Ta^ 
Timbo reports the study of the pollen content of peat from 
Mt. Hakkoda, N. Japan. The present vegetation is a Molini- 
etum, but this would appear to have succeeded coniferous 
forest, which was itself preceded by dedduous forest. 

An interesting accoimt of the cause of dormancy in the 
seeds of Meliloius alba is furnished by D. H. Hornby {Bot. Gas., 
PP* 34 S-- 7 S> 1932), who finds that the hard seeds are due to a 
continuous layo- formed by the suberised caps of the so-called 
Ma^ghian layer which prevents absorption of water. " ^fr ’* 
seeds are due to a deft in this layer in the strophiolar region. 
In I* hard '* seeds the Malpighian layer in the strophiolar regi<m 
is in a state of tension, and slight impacts in this r^on 
are suffident to cause rupture and consequent permeabili^. 
Shaking seeds in a bottle was found suffiaent to increase tne 
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number of i»rmeable seeds from 0*5 per cent, to 91 per cent. 
Soft seeds of various other species, e.g. TrifoUum arvttue, 
T. hybridMm, T. prettmse, Medicago lupulina and M. sativa 
were also found to be associated with a permeable area at 
the strophiole. 

The studies of Starkey on the influence of higher plants 
on the micro-organic population of the soil (Sot/ Science, 8S, 
1931) have shown that the bacterial flora of the soil tends to 
augment with proximity to the roots of higher plants. Thom 
and Humfield, in a similar study {Soil Science, pp. 29-36, 1932), 
confirm Starkey’s results, and indicate that the roots tend to 
maintain their own reaction in the immediate yidnity and 
thus establish an environment favourable to micro-organisms. 

Qark and Shive have grown tomato plants in culture solu- 
tions with and without continuous aeration, and find that in 
the absence of aeration the root system attains less than two- 
thirds the dry weight of the root systems on aerated culture 
solutions. But the increase in top growth is proportionately 
greater with aeration, so that in non-aerated cultures the root 
system i% proportionately better developed, having regard to the 
shoot system which it supplies {Soil Science, pp. 37-40, 1932). 

Cytology, etc. — ^San critidses adversely the supposed 
mechanism of crossover supported by Belling, Darlington, and 
Maeda, and from a consideration of the chromosomes of Callisia 
repens and of chiasma frequency in other plant genera finds 
support for the hypothesis that crossing-over is caused by 
breaks in two of the chromatids at a cluasma {Jour. Arnold 
Arboretum, pp. 180-212, 1932). 

H. Witscn {Oster. Bot. Zeit., pp. 108-41, 1932) records the 
chromosome numbers for twenty-two spedes of Rhinanthese. 
The more interesting of these are : Pedicularis palustris, 
2n <9 16 ; Bartsia alpina, 2n =3 24 ; Odontites serotina, 2n — 20 ; 
O. vema, 2n => 40 ; Euphrasia rostkoviana, n = 1 1 ; E. Salis- 
burgensis, n =3 22 ; Melampyrum arvense, M. sylvaticum, M.pro' 
tense, 2» «=» 18, « =» 9 ; Lathrcea squamaria, in — 36 («,= 18). 

G. Nakajima finds that in three spedes of Quamoclit the 
somatic number of chromosomes is 28, in another spedes 30, 
and in Q. slateri 58. For the last-named spedes Kano reported 
2n » 60, but the number here recorded is in harmony with the 
view that this spedes is a hybrid derived from y. penruUa 
(an an 30) and Q. coccinea {in ™ 28) {Tokyo Bot. Mag., p. 7, 

1931). 

Sporogenesis in Begonia has been studied by Pastrana 
{Arner. Jour. Bot., pp. 365-82, 1932), who finds that an unpaired 
chromosome is present in the pistillate flowers and absent from 
the staminate flowers. Begonia Schmidtiana, the spedes 
studied, would thus appear to possess, like Elodea, Rumex, 

*5 
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Htmutm, and M$taHdrium, an accessory sex chromoMxae. In 
the linear tetarad of megaspores of the species investigated the 
two at the micropylar end carry seven chromosomes each, axid 
the remaining two six chromosomes. The odd chromosome is 
found in the embryo sac in the nucleus of the egg. TOs sex 
chromosome fails to enter the stem initial from which the 
staminate flower develops. 

The occurrence of a spherical megaspore tetrad in Villarsia 
nyn^hoides is recorded by Stover {Bot. Gae., pp. 474-83, 1932)* 

Two new species of Euphrasia have been descnbed by du 
Reitz from the Philippines, and in relation to these he discusses 
the TCOgraphical distribution of the genus as a whole. They 
are dosely related to the Formosan species, and less dosely to 
the Bornean spedes, which in turn has dose affinity with the 
spedes of New Guinea, linking up with those of Australia and 
New 2 ^ 1 and. The genus as a whole presents two centres in 
the southern hemisphere, namely, in Australasia and in South 
America, the link between which is held to be via the antarctic 
continent. The sTOdes here described clearly form, with the 
Formosan and Malayan spedes, a transition series connecting 
the southern hemisphere centre and the boreal centre. Such 
bi-polar distributions are held to be a result of the transtropical 
tnidges furnished by the Andean ridge in the New World and 
the Malayan-Papuan bridge in the Old. Of these two migration 
routes the genus Euphrasia is held to have travelled via the 
latter only since the South American and Juan Fernandez 
spedes are allied to the Australian and not to the North 
American spedes iSvensk. Bot, Tids., Bd. 25, H4. 1931). 

Anatomy. — ^An investigation of the epidermis of the 
Graminese is reported at length by H. Prat {Annals des Sci. 
Nat., pp. 1 1 7-325, 1932). The author attributes considerable 
taxonomic value to the epidermal characters which, despite the 
marked differences that may obtain in different environments, 
are stated to retain their qualitative distinctions. In some 
|>lants such as Poa annua the epidermis is relatively undifferen- 
tiated, and there is little difference between its structure in the 
basal and uppermost leaves. In others, e.g. Psamma armaria, 
there is marked differentiation and a gradation from base to 
apex, and this difference is considered to be correlated with the 
stage at which the reproductive shoots become differentiated. 
The characters on which reliance is placed are whether or no 
the epidermal cells are differentiated into long and short cells. 
Whether the elongated cells have straight or sinuous walls and 
bear papillae or more pronounced appendages. If short cells 
be present, whetho* these are silicified or suberised and are 
developed above the general epidermal level or not. The 
fVench spedes of Agrofyrwm are studied from the standpoint 
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of thdr ^dermal duuractm, and the value of these for purposes 
of dassincatimi is shown. 

Five types of medullary bundles in the stem of the Ranun- 
culaceee are recognised by M. Kumazawa {Tokyo Bot. Mag., vol. 
XLVI, p. 260, 1932). In Thalicirum spp. the medullary bundles 
are leaf trace strands. In Anemone japonica perianth strands 
also contribute to the medullary system. In Hydrastis the 
medullary bundles are leaf traces, but do not enter the pith till 
the second intemode below the leaf insertion. In Podophyllum 
the perianth segments form medullary bundles which extend 
throughout the pith. Finally, in Cimicifuga the leaf traces are 
subordinate to the cauline and lateral shoot traces which con- 
stitute the dominant system. 

An investigation into the variation in size of the Xylem 
elements in different parts of the same tree has been reported 
by H. £. Desch. In the same annual ring the fibres showed an 
increase in length with increasing height in the tree up to a 
maximum followed by a decrease. A high degree of positive 
correlation was found between cell size and the width of the 
annual ring at a given height on the tree, whilst the specific 
gravity at a given height increases firom within outwards and 
subse(}uently falls (New Phytologist, pp.73-118, 1932). In the 
same journal Miss Chattaway describes the wood-parenchynaa 
types in the tribe Sterculiese, and concludes that Tarrietia and 
Heriiiera should, on anatomical grounds, be excluded from this 
tribe. Three types of vertical parenchyma types are recog- 
nised. The first type with very little parenchyma and but 
slight aggregation into tangential bands is associated with the 
longest vessel ses^ents (404-5601X). The second type shows 
clearly distinguished tangential bands of parenchyma, usually 
I cell wide (rarely 2-3) ; this is associated with vessel segments 
of medium length (31 1-42711). The third t3pe has broad bands 
of j^enchyrma and short vessel segments of fi'om 256-377(1. 
If Frost's views regarding segment length and primitiveness be 
accepted, the last-named would be the most specialised type. 

mjrr nmaEOSOOT. By prof. Waltxr Stilbs. Sc.D.. F.R.S., 

Tlte Uslvwsity, Binningham. 

IVaier Relations of the PlanL — The various problems connected 
with the relations of the plant to water, such as absorption by 
the root, conduction of water through the plant, and transpira- 
tion firom the leaves, have attracted much attention during 
tecent years, and in the following pages reference can only be 
made to a selection of the many interesting researches dealing 
with Mtch problems. Firstly may be not^ a paper by P. J. 
Ktamer on " The Absorption of Water by Root Systems of 
Hwats “ (Amer. Joum. Bot,, !•, 148-64, 1932), in which are 
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recorded the results of experiments performed with a view to 
shedding light on the part played by the living cells of the root 
in the absorption of water and the development of so-called 
root pressinre. The work involved falls into three parts. In 
the rot a comparison is made of the volumes of water passing 
through plant tissue by osmosis with the volumes of water 
passii^; through the same kind of tissue when pressure or 
suction is applied. The tissue was used in the form of mem- 
branes consisting of segments of the petiole of Carica papaya. 
It was found tlmt the rate of movement of water by osmtrais 
through such a membrane is very much slower than tnat which 
oMains when the same pressure is exerted mechanically. The 
author of the paper thinks it doubtful whether an actively 
transpiring plant could absorb enough water by the ordinary 
osmotic process to replace that lost by transpiration. The 
second part of the work concerns the part played by living cells 
of the root in the absorption of water by actively transpiring 
plants. To investigate this question comparison was made of 
the volumes of water exuding from cut stems of a number of 
different plants with and without the application of suction. 
It was found that under reduced pressure effected by the use of 
a vacuum pump the amount of water exuding from cut stems 
increased in the cases examined by from 153 to 575 per cent. 
Killing the root system brought about a further increase in the 
amoimt exuded under suction, the increases observed var3ring 
from 84 to 1,790 per cent. It was also found that plants with 
killed root sjretems could absorb as much, or more, water to 
replace that lost by transpiration than the same roots before 
they were killed. The third part of the work deals with the 
part played by the living cells of the root in the development of 
root pressure. In this connection it was found that immersing 
the root system in a sucrose solution with an osmotic pressure 
of one atmosphere suppressed the exudation of water. Sun- 
flower plants with intact shoot systems remain unwilted in such 
solutions. This shows that water is absorbed by intact 
plants under conditions where decapitated plants do not absorb 
water. This supports the idea that the complex of forces con- 
cerned in the absorption of water by plants in which little 
transpiration b taking place differs from that concerned in 
water absorption by an actively transpiring plant. 

W. Berger (“ Das Wasserleitungss3rstem von krautigen 
Pflanzen, Zwer^trftuchem und Lianen in quantitativer 
trachtung,” Beih. z. hot. CmiralbL, Abt. i, 48 , 363-90, 1931) 
has measured the specific conductivity of the wood of a numb^ 
of plants and compared the values so obtained with the 
theoretical ones calculated from Poiseulle's formula. He 
in lianes the actual values obtained empirically correspond with 
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those obtained by calculation from the formula, whoreas in 
shrubs and herbaceous plants the measured values were found 
to be only 12 to 22 per cent, of the calculated values. Miss 
N. M. Blaildey (“ Absorption and Conduction of Water and 
Transpiration m Polytrichum commune," Ann. Bot., 48 , 289-300, 
1932) has made an investigation of the ascent of water in 
the moss Polytrichum. She conclude that in P. commune 
there is a high rate of internal conduction of water, the central 
strand playing an important part in the conduction of water 
in this moss. 

An investigation of the influence of light and saturation- 
deficit of the atmosphere on the transpiration of different types 
of leaves has been made by G. Mittmeyer (" Studien fiber die 
Abhfing^'keit der Transpiration verschiedener Blatt t3rpen vom 
Licht und Sattigungsdefizit der Luft," Jahrb. f. wiss. Bot., 74 , 
364-428, 1931). Three types of leaves were considered ; the 
“ hard-leaf ” type, represented by Hedera helix. Rhodo- 
dendron ponticum, and Laurus nobilis ; the “ soft-leaf ” type, 
represented by Melissa officinalis, Asarum europasum, and 
Syringa vulgaris ; and the “ delicate-leaf ” t3^e, represented by 
Impaiiens parviflora. Under conditions of strong insolation 
and optimal water-content the soft and delicate types of leaf 
transpire more strongly than leaves of the hard type. Tran- 
spiration through the cuticle was examined by covering the 
under surface of the leaves with cocoa-butter. This method 
can, however, give only dubious results, for in the case of 
Melissa values for cuticular transpiration obtained in this way 
were found up to twice that of the total transpiration, while 
even with the hard-leaf tvpe the cuticular component gave 
values up to 75 per cent, ot the total transpiration. In Rhodo- 
dendron sun leaves were found to have stronger cuticular 
transpiration than shade leaves. Insolation has a strong effect 
in furthering cuticular transpiration, particularly in the case of 
leaves of the hard type. The author concludes that light is the 
determining factor m evaporation from xerophytes, but his 
results also show that saturation deficit has some effect. 

Some further work on transpiration has been published by 
A. R. C. Haas and F. F. Halma (" Relative Transpiration Rates 
in Citrus Leaves,” Bot. Go*., 98 , 466-73, 1932). The observa- 
tions were made on three species of Citrus ot economic import- 
ance, namely, eureka lemon (C. limonia), marsh grape-fruit (C. 
gran^), and Valencia orange (C. sinensis). Among these 
species truispiration was most rapid in the lemon, slower in the 
grape-frnit, and slowest in the orange. Transpiration was more 
rapid from the lower than the upper surface, from twice to 3*5 
times as much water being lost from the former as from the latter. 

Among numerous papers published during recent years 



•36 SaEKCE PROGRESS 

dealing with the water relations of plants mainly from an 
ecok^cal standpoint, passing reference may be made to the 
following : '* Untersuchungen ttber den Wasserhaushalt der 
Hochmoorpflanzen,*' by F. Firbas (Jahrb. /. wiss. Boi., 74 , 
459-696, 1931), in which moorland plants such as CaUuna 
vu^aris, En^trum mgrum, and Vacciniun uH^nosum are con- 
sidered ; " Transpiration und Wasserhaushalt in verschiedenen 
Klhnazonen,” by O. Stocker {Jahrb. f. wiss. Bot., 76 , A 9 A-SA 9 t 
1931), which deab with the vegetation at the tree limit in 
Swedish Lappland ; “ Untersuchungen liber die Anatomic und 
Wasserdkolo^e einiger Ostseestrandpflanzen,” by W. Hilser 
(Planta, 11 , 485-508, 1930), in which halophytes and the 
problem of their succulence are considered ; and “ Uber den 
Wasserhaushalt von Pflaiuen der Sandwiiste im siiddstlichen 
Kara-Kum,” by I. M. Vassiljev {Planta, 14 , 225-309, 1931), 
which deals with the question of water relations of plants of 
the sandy deserts of Central Asia. 

Next, reference may be made to a paper by the late Prof. 
R. H. Yapp and Mrs. U. C. Mason (" The Distribution of 
Water in the Shoots of Certain Herbaceous Plants,” Ann. Bot., 
44 , 160-81, 1931). Observations were made principally with 
plants of Heliantkus annum and Vicia faba. I^e chief conclu- 
sions drawn with regard to the water-content of leaves of these 
species are as follows. Under ordinary conditions, and so long 
as the oldest leaves have not passed their period of greatest 
activity and new leaves are still developing, the maximum 
water-content is in the lowest foliage leaf, and, indeed, in the 
case of Heliantkus, in the cotyledons. As one proceeds up the 
stem the water-content of the leaves is successively less, the 
minimum being reached in certain young leaves, but not in the 
youngest, for the still younger leaves of the apical region show 
a regular increase in water-content with a secondary maximum 
in the apical bud. As a plant increases in age the average 
water-content of the leaves decreases, and as the oldest leaves 
die the positions of the maximum and minimum become 1^ 
definite. The greatest range of water-content is found at the 
same sta^e of development as the minimal water-content ; this 
is found m Heliantkus in leaves which have expanded to about 
half their full size, while in Vicia faba both occur in leaves just 
separated from the terminal bud. These results suggest that 
the fluctuations in turgor are greater in such leaves than in those 
in some other stage of development. When conditions are such 
as to restore the water balance of a plant the greatest increase 
in water-content takes place in partly expanded leaves. It is 
therefore suggested that the partly expanded stage of the leaf 
is the critical one in leaf dev^pment as for as water relatbns 
arc concerned. 
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Finally, notice may be taken of a paper by R. C. Malhotra 
(" A Contribution to the Physiology and Anatomy of Trach^ 
with Special Reference to Fruit Trees. II. Water Conductivity 
in Higher Plants and its Relation to Tracheae/’ Ann. Bot., 46 , 
ii >-28, 1932). The author had previously shown that a unit 
area of the lumina of plum wood is more efficient to conduct 
water than a similar unit area of the lumina of apple wood. 
He now finds that some other factors compensate for this 
efficiency of plum wood. Thus the sap extracted from »plmn 
wood appears to possess greater density and higher viscosity 
tlum sap extracted from apple tracheae. It was also found 
that the walls of plum tracheae offered iO'7S per cent, more 
resistance to the flow of either plum or apple sap than the 
walls of apple tracheae, while the plum sap offered I5‘6s per 
cent, more resistance on account of its nature. On account of 
these two factors alone the apple shows itself to be 26*4 per 
cent, more efficient in its conductivity than plum. 

AOBlOTOTnUX nrSXOUKIT. By John Hammond, M.A.. School 

of Agriculture, Cambridge. 

Milk Production. — ( a) Growth of the Udder. — In a study of the 
developmental changes in the mammary gland of the rat by 
Turner and Schultz (Missouri Agr. Exp. Sta., Res. Bull. 157, 
1931), it was found that injection of oestrus hormone into 
castrated animals produced duct growth similar to the growth 
occurrii^j from birth to puberty, that corpus luteum extract 
alone did not produce significant changes, but simultaneous 
injections of the two produced more growth than oestrus hor- 
mone alone, but in no case as much growth as that which occurs 
during pregnancy. The foetal development of the manunary 
riand in cattle has been described by Turner (Missouri Agr. 
Exp. Sta., Res. Bull. 160, 1931), and the subsequent development 
has been studied (Missouri Agr. Exp. Sta., Res. Bull. 156, 19^1) 
by the yield of secretion obtained from the nipples. I^ory 
cmves rarely secrete “ witches’ milk ” at birth, and it is not until 
puberty that, in many cases, small amounts of secretion ^ 
ixoduced, which increase during or following oestrum ; during 
the first pregnancy the secretion remains at the same level, or 
dedines untu the last twenty days of pre^;nancy, when there is a 
striking increase in milk secretion. He is careful to state that 
the yidd does not measure the growth of secretory tissue, but 
only the stimulus to lactation. Fellner (Klinische Wockensdt., 
16 , June 1931) finds that in rabbits and guinea-pigs oestrin 
coming from the corpus luteum and then chiefly from the 
placenta causes hypertrophy of the glands, and tl^t with the 
Ko^al of the placenta as a source of oestrin, milk secretion 
begins. Comer (Amer. Jour. Phys., 66 , 1930) injected spayed 
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iftblnts with carpus luteum extract, but could not cause proH- 
leration of the mammary gland beyond the stage normally 
obtained at puberty ; by administration of whole sheep’s hypo- 
physis, however, he was able to produce in two weeks a condition 
scarcely distinguishable from that present at the full term of 
gestation. Turner {Missouri A^. Exp. Sta,, Res. Bull. 158, 
1931) injected alkaline anterior pituitary extract into castrated 
rabbits whose glands had been previously developed, and even 
in extremely involuted glands lactation resulted following 
injection of the extract ; the active principle appears to cause 
omy activation of the secretory cells. Asdell {Amer. Jour. 
Phys., 100, 1932), by injection of anterior pituitary extract into 
lactating goats, nas delayed the fall off in rate of milk secretion 
which occurs with advance in lactation. Alquier and de Sacy 
{Le Lait, 11 , No, 105, 1931) have shown that the rate of decline 
of milk secretion with advance in lactation in cows is also de- 
layed by castration. In a book recently published IGHzeneck^ 
(Biskerige erfakrungm iiber dm einfluss ^ innerm Sekreiion auf 
omShrung und Stoffwechsel der IjmdwirtschaftUchm Nutstiere, 
Berlin, 1932) has given an excellent account of the ways in 
wMch the glands of internal secretion affect animal production, 
and has induded a long list of references to the scattered litera- 
ture : it should form a most useful basis for those entering this 
promising field of investigation. 

(b) The Mode of Milk Secretion. — By the use of a manometer 
the milk pressure in the udder has been recorded ^fore and 
during the milking of one quarter in a number of cows by 
Krzywanek and BrUggemann {Milchwirt. Forsch., 10 , 1930 ; 
11» 193*) ; froin the pressure curves obtained they condude, 
contrary to Filipovic’s results, that all or almost all the milk 
obtained from the udder during milking is already present in the 
udder, and that the act of milking does not cause increased 
secretion. That milk pressure is an important factor in deter- 
mining yield is shown by an investigation on the influence of the 
number of milkings per day on production undertaken at the 
University of Nebraska by Morgan and Davis (AmericoH 
Guernsey Breeders' Journal, 41 , No. 7, 1932) ; Holsteins milked 
twice a day 3nelded 9,563 lb. milk and 323 lb. fat, while with 
four times a day milking the yields increased to 20, mo lb 
milk and 733 lb. fat. 

(c) Factors affecting Yield.— This accuracy of milk records 
takra at different intervals of time has been investigated by 
Breirem (Norses handbruksh 0 iskole, 9th Stipendiatarbeide, 1931); 
he finds that in testing one day a month there is a 2-3 pv cent, 
stan^d deviation, with 6 per cent, as the greatest deviation, 
provided the test is made in the middle of the period concerned. 
Johansson (JCungllLantbruksakad. Handl. och Tidskri/t, H. 1, 
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1030) finds that the age at first calving has very little effect on 
the lifetime yields of butter fat, although those which calved 
late suffered most from irregular breeding afterwards. 

A number of papers at the World’s Dairy Congress, Copen- 
hagen, 1931, provide a good account of the factors affecting 
yields ; Zwagerman shows that the milk 3deld is affected mudh 
more than the butter-fat yield by environmental conditions ; 
0stergaard, in an account of the factors affecting yield in Danish 
cows, finds that the maximum daily yield occurs about 30 to 40 
days after calving ; and Tuff descnbes the effects of age and 
month of calving. In a book on milk production, Elpatievsky 
{Institute of Agriculture, Saratov, U.S.S.R., 1932) has compiled 
an account of the factors affecting milk 3rields which have 
been derived from statistical evidence, and he includes a large 
number of references to the literature. Schmidt, Lauprecht, 
and Stegen {Landw. Jahrb., Berlin, 1930, p. 933) investigated 
the records of cows entered in the German advanced registry 
herdbook ; from the 3rd to the 5th and subsequent lactations, 
the yearly milk yield varied from 7,600 to 9,200 kg., the butter 
fat from 278 to 344 kg., while the percents^ of fat on the other 
hand remained fairly constant throughout. Yields according 
to the month of calving were also investigated, and it was also 
found that the higher the amount of digestible protein in the 
food the higher was the yield of milk. 

{d) Feeding. — ^An account of recent experiments in animal 
nutrition is given in a book by Dmitrochenko and Sletoba 
{Principles of Nutrition in Farm Animals, Moscow, 1931). 
A technic for studying lactation in small animals has b^n 
evolved by Kzlowska, McCay, and Maynard {Jour, of Nutrition, 
1932), and the effects of high and low protein diets have been 
studied ; a low protein diet of 10 per cent, casein to rats gave 
much inferior results to one at a 40 per cent, level. The 
requirements of feed units and proteins for milk production in 
cows has been the subject of a comprehensive investigation by 
Frederikson (136 Ber. Fors0gslab., Vet-og Landbohofsk<M,Oipea~ 
hagen, 1931). Sav^e and Harrison {World's Dairy Confess, 
Copenhagen, 1931), in an experiment with cows, find no evidence 
of any stimulating effect of protein on milk secretion. By the 
addition of calcium carbonate and common salt to hay deficient 
in mineral content, Scheunert, Reschke, and Sjiecht {Die 
Tierem&hrung, 2 , 1930) were able to prevent the fall in the rate 
of milk secretion in goats that otherwise occurred. 

The Blood in Relation to MUk Secretion. — Borissenko 
UnsMute of Dairy Farming, Molochnaia, Vologda, U.S.S.R., 
No. 92, 1931) finds, from an investigation of the potassium and 
oalduui in the blood of daiiy cattle, that the amount is affected 
by prc^^nancy, lactation, time of year, etc. ; potassium and 
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eakaum sre antagonistic, and the potassium content of the Uood 
falb as lactation advances, while the calcium correspondingly 
increases. Sjollema, Seekles, and van der I^y {Tijds, voor 
Ditrgmttskundt, 57, 1931) find that injections of ralcium 
l^conate and other organic calcium salts given to cows in cases 
of milk fever often cause local oedema. A dye injection method 
for the determination of blood and plasma volume in the living 
cow has been used by Turner and Herman (Missouri Agr. Exp. 
Sta., Res. Bull. 1 59, 1931), and it was found that, whereas lactating 
cows have a blood mass of approximately 8*1 per cent, of body 
weight, in the non-lactating cow it is only 6*4 per cent. The 
blo^ composition, particularly as regards the different 
between be^ and milk types, is discussed in detail, together with 
many other facts of physiological interest, in a recent book on 
Cattle by Duerst (Grundlagm der Rindersucht, Berlin, 1931). 
Maynard, Harrison, and McCay (Jour. Biol. Chem., 98, 1931) 
find that following parturition in cows there is a rapid rise of 
fatty adds, phospholipid fatty adds, and cholesterol in the blood, 
which drops again gradually to the original level when the 
succeeding dry period is reached. McCay and Maynard (Jour. 
Biol. Chem., 98, 1931) also condude that cows whicn are 
secreting large quantities of milk and fat are unable to synthesise 
suffident fat within their bodies to permit the maximum secre> 
tion by the mammary gland unless a liberal amount of fat is 
allowed in the ration. 

(f) Milk Composition . — ^The Proceedings of the World's Dairy 
Congress, Copenhagen, 1931, contain a number of papers dealing 
with this subject : Brouwer, who discusses the effect of feeding, 
mentions the benefidal effects of feeding coco-nut and ^mnut 
cake in raising the fat percentage of milk ; he consic^ that 
this is due to these fats beii^; more similar to animal fat than 
those of other oilcakes, rather than to any spedfic stimulus to 
fat production produced by them. Sheeny finds tlmt, in the 
great majority of cases, feeding fat has no effect on the fat 
content of milk. Hansson shows that the hard consistent of 
butter obtained during the winter months is due to the emets 
of feeding during this period, for coco-nut and palmnut cakes, 
winch have been fed largely on account of thdr raising the fat 
percentage of the milk, give too hard a fat ; this can be counter* 
acted, however, by feeding an equal amount of rape, sunflower, 
or linseed cake, which give a soft fat (see also Hansson and 
Olofsson, Centr^nstulten fSr fSrsdk, pdfordbruh., Med. Nr. 394, 
Stockholm, 1931). A statistical analysis of the variaUlity and 
the way in which the fat content in milk has been raised from 
an average of 3*3 per cent, in 1913 to 37 per cent, in 1937 in the 
Friesian Herdbook Sodety hu been published by Overbosdi 
and van der Plank (Tijds. voor Diergeneeskunde, 98, 1931). A 
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oomprdiensive mvestigation of the colour of milk, is bo 
important commerdalty in these days of bottled milk, has been 
made by Thompson (American Guernsey Breeders’ JounuU, 40 , 
Nos. 10, II, and 12, 1931) ; the colour, which is produced ^m 
the zanthophyll and carotin pigments of plants, is highest in 
October and November after the summer on grass and lowest in 
February and March after winter feeding. There is a wide 
variation among individuals of the Guernsey breed in their 
ability to utilise and store this pigment, and the ability renwns 
constant not only over one but over all lactation periods. 
Breeds rank from highest to lowest in milk colour as follows : 
Guernsey, Jersey, Ayrshire, Friesian ; every breed, however, 
has individuals testing higher than some Guernseys. In 
inheritance by crosses from different breeds the paler colour, 
although blending in inheritance, is slightly dominant. 

(g) Feeding Value of Milk. — ^A comparison of the growth 
rates of different species of animals during the suckling period 
with the chemical composition of the mother's milk has been 
published by Belle (Le Lait, 11, Nos. 105 and 106, 1931, and 
Recherches sur la croissance de quelmtes mammiferes, Lyon, 1930): 
a remarkably high degree of correlation is observed bietweM the 
rate of growth and the content of proteins and of salts in the> 
milk of different species. The great importance of the supply 
of milk, as being the chief limiting factor for growth in early life, 
has been shown for mice by MacDowell, Gates, and MacDowell 
(Jour. Gen. Phys., 18, 1930), and for sheep by Hammond (Growth 
and Development of Mutton Qualities in the Sheep, Edinburgh, 
1932). The nature of the curd clot in the stomach has an 
important effect on the digestibility of milk, and this has been 
found by Hill (Utah Agr. Exp. Sta., Bull. 227, i93i)to vary from 
one cow to another. Espe and Dye (American Jour. Diseases 
of Children, 48 , 1932) have found that a doubling of the curd 
tension of milk increases the length of the digestive period from 
30 to 65 per cent. ; the percentage of casein is the chief factor 
which influences curd tension and dilution with water decreases 
it. Sheehy (Farmer's Gas., 90, 1931) has obtained very success- 
ful results in calf rearing by diluting the milk with water before 
feeding. 

(h) The Life of the Dairy Cow. — Few cows die of old age : 
they usually fade away. It has been the purpose of a number of 
recent investigations to find out exactly the causes of wastage 
in the cow population, with the object of directing research to 
the main causes of loss to the indusfry. Results have beep, and 
are being, obtained by various workers from the districts of 
West S«^x, Reading, Wales, Scotland, and East Anglia, and 
these have all much the same story to tell. Buchanan Smith 
<sad Robison (Jour. Agr. Sei., 81, 1931) find the annual replace** 
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ment figures to be 37 per cent. Sanders {Repi. Agricuihtrat 
Organistrs Omftrmu, 1931) for East Ai^a finds that the 
average length of life of a cow in one herd is only 4} years ; of 
those leaving the herd only 5 per cent, do so because of old age, 
the most important causes of disposal being sterility 35 per 
cent., low milk yield 19 per cent., tuberculosis 10 per cent., 
and udder trouUes 5 per cent. 

(») Inheritance of Milk Production. — ^Much work has recently 
been done in attempting to find better methods for breeding 
dairy cattle, with a view to preventing the appearance of low 
yidders, thereby avoiding the expense incurred in rearing them 
to milking age, having reached which, they have to be culled. 
\\nbile selection can be made on the cows according to yield, it is 
generally recognised (see Hammond, zgjo Yearbook, Central 
Council of Milk Recording Societies) that in most cases the bull 
has been selected on pedigree alone, without reference to progeny 
tests, and an attempt is now being made to obtain better methods 
for the selection of bulls. This breeding work is closely linked 
with phjrsiology, for with a complex character such as milk 
secretion the environmental conditions have to be measured in 
order to appredate properly the genetic value of a milk record. 
Many indices have been evolved to measure the milk>transmit> 
ting clijuracters of a bull, and recently two independent workers 
have, by use of different methods, arrived at similar conclusions 
from a survey of these different indices. Both Gowen {tVorUTs 
Dairy Congress, Copenhagen, 1931) and Edwards {Jour. Agr. 
Sci., 28 , 1932) find that the simple average of the mature 
corrected yields of the daughters gives results far supmor to 
those obtained by the use of complicated formulae. Edwards 
{Cambridge Milk Recording Society Handbook, 1930-31) has 
suggested a simple means by which Bull-Recording cam be done 
by Milk Recording Societies. Studies of Danish ^ogeny tests 
by Larsen {World's Dairy Congress, Copenhagen, 1931) indicate 
that certain bull lines are highly homogeneous and others 
heterogeneous. Buchanan Smith and Robison {World’s Dairy 
Congress, Copenhagen, 1931) si^gest that certain of the factors 
affecting milk yield may be inherited in a sex-linked manner, 
and this has been supported by Madsen's {Nature, Jan. 30, 1933) 
investigation of Daiush records. 

{f) Tropical Dairying. — The World’s Dadiy Congress at 
Copenhaigen last year induded a special section for this subject, 
wmch is now to be given a permanent place in its activities. 
The difficulties of acdimitising European milk breeds in the 
tropics were dealt with, and special methods of feeding, 
bree^ng, and management were discussed. Edwards {Joser. 
Dairy Research, 8 , 193^)1 from data obtained in Jamaica, 
deicnbes the degeneration that occurs in European cattle 
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reared under tropical ooiulitions. He finds that cows contain* 
ii^ from i to I of Zebu blood jdeld more milk than either pure 
Emopean or pure 2^bu cattle, in that the constitution to with- 
stand the tropical climate and diseases inherited from the Zebu, 
when combined with the udder capacity of European breeds, 

E 'ves them an advantage over both the parent types, which are 
eking in one or other of these qualities. 

nOOLOCIT. By Ptof. N. M. Combbr. D.Sc.. A.R.C.S., F.I.C., Tbe 
University. Le^s. 

A NUMBER of new books which do much to consolidate Pedology 
as a subject and to widen interest in it have recently appeared. 
Prof. F. Schucht’s GrundzUge der Bodenkunde is welcomed for 
its concision and for its broad appeal to botanists, geographers, 
and geologists, as well as soil students. The Physical Properties 
of the Soil, by Dr. B. A. Keen, is an invaluable account of more 
recently studied aspects of soil science ; and, as vol. X of 
Zsigmondy’s Kolloidforschung in Eimeldarstellungen, Dr. H. 
Gessner gives an excellent and up-to-date account of the 
theory and methods of mechanical anal}rsis. 

The most recent addition to the books on Pedology is Prof. 
G. W. Robinson’s Soils, their Origin, Constitution, and Classify 
cation : An Introduction to Pedology. This is written essenti- 
ally for those interested in the soil as an object of study in 
itself, and is the first real handbook of Pedology to appear in 
English. It is a unique contribution to the literature of the 
subject, and will be of the utmost value to soil students. 

Exchangeable Bases and the Constitution of Clay — ^the 
SiOt/RtOt ratio. — In continuance of his studies of the Laws of 
Soil Colloidal Behaviour, Sante Mattson ( 5 ot 7 Sd., 1931, 81 , 
57, : 88, 343) has studied certain syntnetic and isoelectric 

precipitates, which are formed in a manner that is in essence 
comparable to that in which soil colloidal complexes are thought 
to be formed. Using humates, silicates, and phosphates, along 
vnth aluminium and ferric salts, he prepared phospho-humates, 
silico^humates, phospho-silicates, etc. Thus, for example, the 
alumno-humate precipitate is prepared by mixing standard 
sodium humate with standard aluminium chloride. The pH 
is adjusted to any required figure by adding hydrochloric add 
to the chloride or s<^um hydroxide to the humate. For 
any nven ratio of sesquioxide to humate (or silicate) there 
is a definite pH at which the predpitate flocculates instantly 
and also shows no cataphoresis. This isoelectric predpitate 
has a higher ratio of humic add (or silidc add) to sesqmoxide 
the lower the pH figure. 

With the higher ratios of SiO|/R| 0 «, cation exchange 
capadty (at pH ns y) is more pronounced, and with the lowest 
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»ti<M anion exchai^ is observed, although vaiying states of 
flocculation and ot^ factors prevent the exchange capadtpr 
from being a linear function of the ratio. Quantitatively, this 
was found also to be true of soils with >^urying SiO,/R» 0 * ratios. 
The amphoteric behaviour of soil clay is not a new conception, 
but its general acceptance has unquestionably been deterred by 
the experimental fact that soil clays exhibiting anion exchange, 
if they exist at all, are both rare and localised. Mattson’s work 
goes a long way towards justifying the conception on the 
evidence of facts. The view is put forward to explain the facts 
that the *' addoid ” part of the clay (viz. the humus, silica, etc. 
is in partial combination with the sesquioxide and the free 
addoid valendes are responsible for cation exchange. 

Th0 Optical Properties of Clay . — ^Marshall (loc. cit.) has 
developed the study of the optical properties of colloidal day 
partides. When placed in a strong electric field caused by an 
alternating current, the partides in a suspension orientate them- 
selves with the direction of greatest dielectric constant paralld 
to the lines of force. By using this fact Marshall was able to 
prove that the day minerals show a marked double refraction. 

One of the most interesting and important observations in 
this work is that the hydrogen and alkaline earth days have a 
much higher double refraction than the ammonium and alkali 
days. It has long been known in a general way that the 
hy^ogen and alkahne earth days tend to be coagulated, while 
the ammonium and alkali days are well dispersed. Since, 
therefore, these coagulated days show a higher double refraction, 
the coagulation must be regular and orientated and not random. 

Using his centrifuge method for the mechanical analysis of 
days, Marshall (/. Soc. Chem. Irtd., 1931, 50 , 444 T) has studied 
the influence of different cations on the state of coagulation. 
This influence is found to be different with different types of 
day. Their extreme sensitiveness and very small base excWige 
eapadty make it difficult to draw condusions about the 
Kaolins, but quite definitdy the beidellite type of clay is very 
differently dispersed according to the exchangeable cation, 
while the state of dispersion of the Montmorillonite type is 
hardly affected by change of cation. 

The Mitieralo^ of Clays . — ^There is now no doubt that soil 
days are essentially crystalline, even although amoiphous 
material m^ coexist with the crystals. X-ray work by I&lley, 
Dore, and &own {SoU Sci., 1931, 81 , 35) confirms the earlier 
condusions of Hendricks and Fry on the crystallography of 
day and the mderly arrangement of the exchangealne cations 
in a lattice structure. They furtho* examined the effect of 
prolonged grinding in an appropriate ball miU on the exchange- 
aide cations of brntonites and soil colloids. The bentoiates 
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and the odlloida} fractions of certain soils were, before bong 
around thoroughly, treated with a caldum salt to convert than 
into the calcium complexes. It was then found that after 
grindiiw the amount of exchangeable caldum remained the 
same, but lai^ amounts of exchangeable magnesium were 
present in addition. The general condusion is that the mineral 
mvolved in the soil colloids examined by Kelley, Dore, and 
Brown, and produced by weathering is of the Montmorillonite 
type (MgCa) 0 ,Al, 0 , . sSiO, x H, 0 . It would appear likely 
that in the drcumstances to which these products of weathering 
are placed, caldum, potassium, sodium, and hydrogen become 
prominent on the surface of the colloidal crystal partides, while 
the original magnesium remains preponderant within, and is 
brought into the sphere of action by gnnding. Some exchange- 
able potassium is also released by gnnding. 

C. £. Marshall (Trans. Far. Soc., 1931, 80 , 81) has put 
forward a tentative classification of the day minerals as 
follows : 






Containing ALOg and SiOg 




Containing FegOg and SiOg 


With exchangeable Bases No exchangeable Bases 


Montmorillonite Potash-bearing 

(Mg Ca)O AlgOg 5SiO| nHgO Qays 


Chloropal Nomtronite 
(FegOg-aSiOg-aHgO) 

I 

I 

(Intermeciiate Clays) 
With AlgOg and FegOg 


Sohriitterite 

(BAliOg*5SiOg*3oHgO) 


Kaolins 

(AlgOg-aSiOg-aHgO) 


AUophane 

(Alg0g*Sl0g*5H|0) 


Picl 




Beidellite 

{Al,0g-3Si0,*3H,0) 
(Exchangeable H.) 


Kalloysite 

(Al,0.aSiOg-3H,0) 


i 

Cimolfte 

(aAlgOg*9SiOg*6Ht 


Kamte 


Kaciini 


Pyiophyitlite 

iite (AlgOg . 4SiOg . HgO) 


J^hangsaFU Bases and Field Conditions. — Pl. Evan Harris 
(Soil Set., 1931, 88 , 435) has studied the permeability of 
calcareous all^ soils (i.e. calcareous soils containing much 
tcplaceable sodium). It is found that the permeability varies 
inversely and exponentially with the sodium content. The 
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time factor in the redamation of these alkali soils is discussed. 
E. M. Crowther and S. K. Basu (J. Agric. Soc., 1931, 689) 

have examined the replaceable bases in the Woburn plots after 
fifty years’ continuous cropping with cereals. During the fifty 
years the unmanured plot has lost about 50 per cent, of its 
original replaceable calcium (there was little, if any, free 
carbonate at the banning of the period), the ammonium 
sulphate plot has lost more, and the sodium nitrate plot less. 

Soil Organic Matter 

Th 0 Artificial Oxidation of Soil Organic Matter. — ^The oxida- 
tion of soil organic matter in the laboratory is of twofold 
significance. It is necessary, as a practical preliminary to a 
mechanical analysis in order to disperse particles bound by 
humus, and the fractional oxidation of soil organic matter is 
tsdculated to throw some light on the constitution of that organic 
matter. 

In the pretreatment of soil for mechanical analysis, boiling 
hydrogen peroxide has been used for the most part. The sub- 
stitution of cold sodium hypobromite has been examined by 
Troell {J. Agric. Sci., 1931, 81 , 476). He finds that in addition 
to such advantages as cheapness and greater stability in 
tropical temperatures, sodium hypobromite in place of hydrogen 
peroxide n^kes the additional treatment with add, and the use 
of ammonia as a deflocculant, unnecessary. The sodium day 
that is formed is, it is said, fully dispersed even in the presence 
of caldum carbonate. Moreover, the avoidance of acid and 
hot reagents reduces to a negligible amount the dissolution of 
the day partides. 

Prof. G. W. Robinson suggested some years ago that the 
organic matter oxidised by hydrogen peroxide might be 
regarded as the “ humified ” organic matter. W. O. Robinson 
of Washington threw doubt on this, and recently W. McLean, 
working in G. W. Robinson's laboratories, has published two 
papers on the matter (J. Agric. Sci., 1931, 81 , 251 and 595). 
As the concentration of the hydrogen peroxide is increased up 
to 3-3 per cent., the C/N ratio of the material oxidised remains 
constant and the material is designated the " oxidisable com- 
plex.” Thereafter non-nitrogenous matter only is oxidised, 
although nitrogenous organic bodies appear to be obdurate 
to the treatment. The oxidisable complex accounts for the 
majority of the organic matter, and evidence is brought 
forward to show that in soils of the same type the higW 
percenta^ of the oxidisable complex is found in the more 
sertile sous. 

For purposes of analysis, it has for some time been assumed 
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that tha percentage carbon in soil organic matter is 58 per cent., 
and tl»t I >734 may be taken as a convo^ion factor to determine 
the percentage organic matter. It is perhaps not surprisii^ 
that this should be called in question. H. A. Lunt {Soil Set., 
1931, 88, 27) shows that, in the case of forest soils, at any rate, 
the st^ of decomposition is an influential factor, and that in 
some soils the conversion factor may be as high as i *9. 

F. J. Salter (Soil Set., 1931, 81 , 413), in a study of the C/N 
ratio of soils, concludes that that ratio determines the micro- 
organic activities of the soil, no matter what the specific organic 
compounds present may be. A wide ratio of C/N appears to 
enh^ce the soil organic matter as a source of energy for 
nitrogen fixing organisms, but until the ratio is narrowed to 
about 10 : 1 the nitrogen remains in complex and comparatively 
unavailable form. The narrow ratio is most conducive to the 
formation of ammonia and nitrate from protein, while the 
wide ratio is most conducive to the formation of protein from 
" fixed " nitrogen. 


mTBOXOXAMl'T. By E. V. Nxwnhaii, B.Sc.. Meteorological Office, 
London. 

Classification of the World's Climates. — ^The various attempts 
that have been made to classify the known climates of the 
world since their division by the ancients according to latitude 
simply into torrid, temperate, and frigid zones, have generally 
rested upon the observed tendency for the general character of 
natural vegetation to be controlled by climate. So long as one’s 
observations are confined to a limited area, within which the 
range of climate is small or moderate, this may seem a hopelew 
task, for within such an area it would appear as though soil is 
far more important in governing the type of the vegetation. 
Thus Gilbert White, in his Natured History of Selbome, describes 
a variety of vegetational types within the limits of a single 
English parish, and takes it for granted that they depend upon 
the fact that the geological strata underlying them are different 
and have left their stamp upon the surface soil. Seeing how 
very slight are the differences of climate within that parish, 
and how close is the connection between the vegetation and the 
soil, he could hardly have done otherwise. Modem soil classi- 
fication, which owes a ^eat deal to researches made in RuMia 
into the composition, the mode of origin, and the distribution 
of the different types of soil, leads to a very different view of 
these matters. When dealing with the different soils of the 
world very broad types have to be defined, each containing a 
considerable range of variation. Between such broad soil 
types and correspondingly broad types of climate that must be 
di^ed before the complicated mixture of the world’s climates 
x6 
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can be reduced to some kind of ordor, relationships are found 
that give good grounds for the belief that in the long run the 
climatic factor outweighs the geological one in the process of 
soil-formation by weathering of rock. It has been shown that 
temperature and rainfall are the most important factors in 
deciding which substances are to remain in the soil and which 
are to be washed out by the process known as '* leaching.” In 
this way hot climates with a low rainfall tend to give rise to 
alkaline soils rich in mineral salts ; these are very characterbtic 
of dry subtropical regions, where the problem of successful 
agriculture is often simply one of irrigation. In contrast to 
these are the soils of cold wet regions m high latitudes, which 
are usually acid, and contain comparatively small amounts of 
nutritive material, and in consequence need to be manured 
before they can be made to yield abundant crops. 

If, therefore, climate not only decides what type of vegeta- 
tion shall predominate for a given soil, but even has a large say 
in deciding what the general character of the soil shall be, the 
case for a classification related to vegetation appears to be 
strengthened, although one based on genetic relationships may 
be preferred by some on the grounds that it tends to a better 
unaerstanding of the physics of climatology. But it must never 
be forgotten that the classification on the basis of vegetation 
can only be successful when the latter is dealt with on broad 
lines. Where the conditions most favourable for a particular 
plant change gradually to conditions that, if not actually 
unfavourable, are more suited to other plants that compete 
with it in the struggle for existence, the distribution of the plant 
in question in that region may be controlled largely by factors 
that have no direct connection with climate. 

It is proposed now to pass on to a brief survey of one of the 
most up-to-date and painstaking attempts at such a classifica- 
tion, tl^t of Koppen.^ This is based primarily on temperature, 
rain&U, and the seasonal variation of these two elements. 
Before going into the precise specification of each of the eleven 
primary climatic divisions which form the basis of his system, 
it is proposed to give a general description of each, taking them 
roughly in the order in which they occur between the equator 
and the poles. Since their arrangement is to a large extent 
controlled by the prevailing wind sjrstems (of great importance 
for rainfall) and by solar radiation (more important for tem- 
perature), and these to a great extent depend upon latitude, a 
more or less zonal arrangement would be expected, and is 
actually to be found, with certain distortions due to the varying 
proportitms of land and sea. 

* The most recent account of hki 83rstem ia his Gmndriss der ClimthmUU 
(tasx), puUiabed by W. de Omjrter it Co., Berlin and Leipzig. 
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Typ« Af,* — Within a few de^ees of the equator there is a 
ve^ definite zone of constantly high temperature with abundant 
rainfall at all seasons. The natural vegetation is a luxuriant 
forest, because these conditions enable trees to grow to a ^eat 
size and so to rob almost all other plant forms of the light 
necessary for their growth. The Amazon forests provide a v&y 
good example of such a dense equatorial rain forest beneath 
which there is a kind of twilight during the daytime. It may 
be noted that abundance of rainfall at all seasons is a necessary 
condition for such forest development at the hi|;h temperature 
prevailing in that zone, because the rapid transpiration of water 
from the leaves of the trees must be supplied by the roots of 
the trees, and the ground would soon dry up if the ground water 
were not replaced. 

Type Aw . — ^The existence of the large zone just described 
depend upon the fact that the seasonal displacement of the 
general circulation of the atmosphere in low and middle lati- 
tudes, due to varying declination of the sun, is not generally 
sufficient to allow places near to the equator to emerge for long 
into either of the trade-wind belts. If this were to happen 
there would normally be a relatively d^ season. In type Aw, 
however, this does take place, principally around latitudes 
10° and 1 5° N. and S. Here the mean temperature is nearly, if 
not quite, as hi^h as on the equator, and when the period of 
trade wind sets in and brings relatively dry weather the drying 
power of the air may be even greater than in the rain belt 
owing to the lower relative humidity and loiter sunshine. 
The tropical rain forest would not be able to survive such a dry 
period ; in its place there is a type of v^etation known as 
savannah, which is a varying mixture of drought-resisting trees 
or scrub, and tall grasses which die down temporarily during 
the dry period. 

Type BS . — Still farther from the equator, mostly around 
latitudes 15° to 40° N. and S., we come to a zone which the 
equatorial rain belt never reaches, and where the trade-wind 
generally predominates all the year round, except in so far as 
mrge areas of land may set up their own monsoon winds. 
Under these conditions the raintall is governed very largely by 
geographical and or<^aphical circumstances. High mountain 
ranges, especially those near the eastern margins of the conti- 
nents and on islands, may cause much orographical rainfall, but 
on proceeding westwards across the continents rainfall generally 
diminishes and desert conditions may finally be attained. But 
before the desert is reached a zone (BS) is generally encountered 

‘ Whanvw the email lettan/, w, and « aM used these imply respectively 
rain ai all seasons, a mtnimmh of tain in winter, and a minnnum of rain in 
iiifflaMr. 



a#) SCHCNCE PStOGRESS 


hu a aais&U toBuffidant for maintaining savannah but 
sufficient for the special “ steppe " vegetation, composed of 
smaller drought-resisting shrubs and grasses. 

Typ0 BW . — This is the desert type. The yqj[etation is 
scanty and composed only of those plants in which drought- 
resisting devices are carried to an extreme, or vegetation may 
be absent altogether if the rainfall is sufficiently small. 

Types Cw, Cs, and Cf . — ^These types cover a large range of 
latitude, but on an average are farther from the equator than 
any of the types already described and extend much farther 
poWards. Tliey are the temperate climates, distinguished 
m>m one another by the different types of seasonal variation of 


rainfall designated by the small letters. Type C/ is by far the 
most extensive. The general level of temperature and its 
annual range are under the tempering influence of the ocean, 
while the activity of cyclonic depressions leads to rain at all 
seasons. Type Cs, of which the Mediterranean region, the 
extreme south of South Africa, and parts of the south of 
Australia furnish examples, generally arises where rainfall is 
due to the cyclonic depressions of temperate latitudes and 
where these exert their influence practically only in winter. 
Type Cw is more nearly related to Aw, for it occurs most fre- 
quently where the tropical rain belt is displaced into rather 
higher latitudes owing to monsoonal development over a large 
land area. The characteristic types of v^etation for these 
three climates are : for C/, tall-stemmed deciduous forests ; for 
Cw and Cs, evergreen scrub, of which the Corsican maquis is a 
good example. 

Typss Dw and Df . — ^These are peculiar to the northern 
hemisphere, where a sufficiently large land area may induce so 
great an annual variation of temperature that, although the 
winter is so cold that the ground is always snow-covered for 
several months, the summer is warm enough for the development 
of forests. It is the climate, broadly speaking, of Canada, 
Russia, and Siberia. D/ gradually changes to Dw when, on 
passing from Russia into Siberia, the increasi^ distance from 
the cyclonic activity of the North Atlantic sufficiently reduces 
the winter precipitation. In the case of Dw the rainfall in 
summer is largely due to afternoon showers and thunderstorms. 

Type ET . — In very high latitudes the warmth of the summer 
eventual^ becomes just insufficient for the growth of forest, 
but is sufficient for the maintenance of a special type of v^eta- 
tion — the tundra — ^which is adapted to a very short and cool- 
growing season in a generally poor and acid soil which tends to 
be waterlo^ed when not frozen, owing to the presence of 
impervious n^xen ground beneath the thawed supemcfol layer. 

Type £F.— The last of the eleven main types is to be found 
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In yet h%iur kitkudes and on certain hi^h mountaina, where 
the auminer u so cold that there is practically no vegetation. 
It is taken to begin where the mean temperature of the warmest 
month is below the freezing-point. 

Nothing has been said so far about the precise d^ee of 
aridity required to bring about the flora of the steppe and the 
desert. Any attempt at relatii^ these characteristic flora 
simply to the mean annual rainfall soon shows that this cannot 
be done because, owing to the rapid increase of evaporation 
with rising tempoature, the limits must be varied according 
to the latter, or better still, according to the drying power of 
the air. Unfortunately, measurements of the average drying 
power of the air depend very much on the method adopted, and 
are not uniform throughout the different countries. Koppen, 
therefore, has recourse to mean annual temperature, but with 
a further correction according to the seasonal distribution of 
the rain. The formulae that he uses are purely empirical ; they 
are shown in the followii^ table, in which t represents the annual 
mean temperature (** C.) : 


Uma Loot or AmtuAL Raihfaix ih Cm. in Tbrms or thk Ammvai. Mbam 

Tempekatvkb (<*C.) 


Type. 

Settooal VtHatioiiiol lUinltU. 

Uppor Limit of Aaoual Rain 
(in om.) 

BS 

Summer maximum . . , • • 

a (< + *4) 

BS 

No iigniflcant eeaaonal variation . 

a (< + 7 ) 

BS 

Winter maximum 

2t 


and as the upper limit for BW, i.e. as the boundaries between 
BS and BW, lulf these quantities under similar circumstances 
of seasonal variation of rainflill. 

To complete the definitions of the types in so far as these 
are conditioned by rainfall, it is necessary to lay down some 
rules in regard to the use of the small letters /, s, and w in con- 
junction with the large letters C and D. The following have 
been used : 


Cs : if the rainiest month of the cold season jrields at least 
three times as much precipitation as the driest of the 
warm months (if the fall m the latter is greater than 
3 cm. the type would be Cs/). 

n^s : does not occur.] 

Cttf and Dw : if the rainiest month of the warm season 
yiel<b more than ten times as much rain as the 
rainiest of the cold montlu. 

C/ and D/ : if the differences between the months are less 
than those set out above. 










SCIENCE PltOGRESS 

It is dear that a number of other factors modify to some 
extent the efficacy of a given quantity of rain, the intensity 
of &11, the temperature and humidity of the actual time wl^ 
the rain is falling. The weakness of the rough method of allowing 
for evaporation that has been adopted is occasionally apparent 
when the distribution of vegetation for a given climatic type is 
considered. In the region of La Plata, for instance, the distri- 
bution of trees is not in accordance with the climatic type, 
apparently because of the small number of days among which 
the annual rainfall is distributed. This weakness of the system 
of classification can clearly only be removed at the present time 
by employing much more complicated definitions of the 
boundai^ conditions, but in the future it may be found possible 
to combine simplicity with the necessary precision by using the 
drying power of the air instead of temperature. It is proposed 
now to deal with those definitions of the eleven prindpal types 
which rest solely upon temperature and its seasonal v^iation, 
and as a matter of convenience to give figures obtained by 
Wagner showing the areas of the earth’s surface occupied by 
the different tjrpes. In connection with temperature, in 
explanation of the apparently peculiar limits sometimes 
adopted, it may be pointed out that in cold climates the presence 
or absence of a warm Rowing season is more important than 
the amount of rain, while in hot climates rainfall takes a much 
more important place, heat being destructive of vegetation 
only indirectly tmough evaporation. The following are the 
exact definitions of the eleven main types : 

A/: mean temperature of coldest month over i8*C. 
(64** F.) ; annual rain above the limit for BS, without 
significant seasonal variation. 

Aw : same as A/, but a dry season in the winter. 

BS \Conditioned by rainfall in accordance with the 

BW/ formulae already given. 

Coldest month between 18® C. (64“ F.) and - 3® C. 

Cw\ (27® F.) and seasonal variation of rain as shown by 

Cs j small letter. 

jv f Coldest month under — 3®C. (27® F.) and wannest 
above 10® C. (50® F.), seaisonal variation of rain as 
[ shown by small letter. 

ET ; warmest month under 10® C. (so® F.), but over 
o®C. (32® F.). 

EF : warmest month under o® C. (32® F.). 

The distribution by area in millions of square kilometres is 
as fellows : 
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It is difficult on a moderate-sized map to show more than 
these eleven principal types, for there are many parts of the 
world where even these few follow one another witn inconvenient 
rapidity within what is a very small distance on the map. This 
is especialW the case where the level of the ground changes 
quicldy. But as a mere shorthand method of describing 
smaller differences of climate Koppen adds a number of small 
letters to which various meanings are attached. An example 
will make the method clear. In Central Africa there is a large 
area of steppe country (BS), most of which can be represented 
by BS^, where k stands for mean annual temperature above 
t8®C. and w shows that there is a dry season in winter. In 
the south of Russia there is also steppe country, but of a 
different kind, which can be represented by "B&hx. Hwe k shows 
that the winter is comparatively cold (annual mean under i8“ C. 
but warmest month above i8® C.), and x shows that the rainiest 
season is the early part of the summer, while the late summer is 
fine and sunny. 

Kdppen’s classification is the best known and probably the 
one most often used in investigations into the agricultural 

e )$sibilities of different parts of the world. As there is no 
n|;lish translation of this work, English workers who ^nnot 
easily read German may have recourse to an English climato- 
logy ^ which contains a complete classification on somewhat 
sin^r lines to Kdppen's. Seven principal types are employed, 
lettered A to G, namely. Hot, Warm-Temperate or Sub-tropical, 
Cool Temperate, Cold, Arctic, Desert, and Mountain. It is in 
some respects simpler, but the simplicity has been attained at 
some samfice of effectiveness. Desert climates are taken to be 
thc»e ^th annual mean rainfall of less than lo inches simply. 
This gives a genmil world distribution that does not differ 
greatly from Koppen 's. There is no very obvious advantage 
of one system over the other, and it seems a pity that the com- 

* CHmtMagy, by A. Auitia Miller, Methuen ft Co., Ltd., London (i93i)* 
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parison between investigations based on climatic types made 
In English-speaking countries and those made in Germany 
should be complicated by the use of more than one system of 
notation. Miller's classincation, it may be noted, is not based 
so much upon vegetation as is Kdppen’s ; most of the sub- 
divisions of the main types are based on the seasonal variation 
of rainfall as controlled by varying monsoon effects related to 
the distribution of land and water. This lends itself better to 
a S3rmmetrical and easily understandable notation. 

AJUIUOliOGT. By E. N. Faixaizb, Royal Anthropological Institute, 
London. 

InfemoHonal Congress of Prehistoric and Protohistoric Sciences. 
— ^Among the major events in the current archaeological year 
must be counted the first International Congress of Prehistoric 
and Protohistoric Sciences, which met in London from August 
I to 6 — ^not only because it is the first international congress in 
archaeology to meet in England since 1868, but also because it 
was the outcome of a prolonged and difficult course of n^otia- 
tions initiated by the Royal Anthropological Institute to revive, 
on a really international basis, the old International Congress 
of Prehistoric Archaeology and Anthropology which met last 
at Geneva in 1912. The newly instituted congress is less com- 
prehensive than the old, for, wisely as the event has shown, it 
restricts its field exclusively to topics which come within the 
scope of prehistory and the period of the earlier historic races. 
In the recent Congress the age of the Vikings marked the up- 
ward limit. 

One feature in the communications presented to the Coi^ess 
is to be marked, especially in contrast with those of the con- 
gresses which preceded the war. This is the far wider range 
now covered by archaeological studies and the interrelation in 
synthesis of evidence drawn from widely separated areas. This 
was perhaps most evident in those sections of the Congress 
which covered palaeanthropology and the earlier phases of pre- 
historic archffiology, in which Palestine, Egypt, Mesopo tamia , 
East Africa, China, and Java were laid under contribution. 

Obviously little profit would accrue from an attempt to 
survey here the proceedings of the Congress as a whole, since 
they mcluded communications only just under 200 in number. 
Mention can be made of one or two only of the topics of more 
immediate interest. 

Peking Man. — ^The Abb6 Breuil’s account of the cultural 
evidence from the cave of Chou Kou Tien, the home of Peking 
man, which was accompanied by an exhibit of arte&cts, was 
welcomed as affording an opportunity for judging at fiiat hand 
the evidence for the ihfeiences as to the stage of cultural 
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advancement attained by this pimitive t]rpe of humanity. 
Sketches of the implements had already been published fy 
Prof. Elliot Smith in Man for April and had elicited some 
critical comments from Mr. Reid Moir. The qualities of the 
material from which the implements are made, mainly, quarts, 
renders any conclusive verdict a matter of some dimculty, 
although the fact has to be recognised that the specimens which 
the Abb^ could bring away from China were chosen from among 
the less distinctive. The Abb6 pointed to the existence of 
hearths and charcoal at different levels as evidence of the 
occupation of the cave over some period of time, for which no 
human skeletal remains had been found to account, other than 
those of Sinanthropus. One remarkable exhibit, regarded 
by the Abb^ as a cup, of horn, deserves more attention than 
it has received. The evidence of traces of fire on the im- 
plements shown elicited from Sir Arthur Woodward, who 
was in the chair, evidence for the early use of fire in Britain in 
the form of a flint implement from the Piltdown gravels, which 
he believed, from its size and shape, to have been used for heating 
water in a vessel. 

Prof. Elliot Smith’s communication on “ New Discoveries 
in Human Palaeontology ” also touched on Sinanthropus. 
Superimposed cross-sections of the Piltdown and Peking skulb 
brought out the similarity in form of the two. They also 
emphasised the small size of the Peking skull — its capacity is 
only 900 C.C., practically the same as tlwt of Pithecanthropus. 
The author also called attention to certain characters in the 
Piltdown skull by which, in fact, he said, morphologists should 
be convinced that the cranium of Piltdown man was at least as 
pithecoid as the jaw. It is perhaps worth while to mention 
here that it has recently been announced that other parts of the 
skeleton of Sinanthropus have been discovered, among them 
bones of hands and feet — an ui^ual phalanx (foot), a clavicle, 
and a semilunar bone (wrist). The hand is said to be com- 
pletely human, the foot to show simian characters. The 
announcement was delayed in the hope of further discoveries. 

Java Man . — The chief interest in Prof. Elliot Smith’s com- 
munication, however, lay not in Peking Man, but in two other 
announcements relating to early man which he had to make. 
Of th^e the first was that he had been requested by Dr. E. 
Dubois, the discoverer of PiUucanthropns trectus, to announce 
that he had discovered in the course of last month three human 
femora among the material which he had brought with him 
from Java in 1900. These femora present the same peculiarities 
as the femur of Pithecanthropus discovered at Trmil in 189*, 
and, in Dr. Dubois' opinion, disposes of the possibility that the 
features of the original 'Dtoil femur wo’e due to Individual 



$46 SCIENCE PROGRESS 

peculiarity. Hie association of the four femora, he holds, 
corroborate his view that they belong to this genus, while their 
form is a new justification of the specific name ertc/us. Prof. 
Elliot Smith also referred to the recent discovery of a hitherto 
unknown type of man at Ngandong in Java. Members of the 
Dutch Geological Survey have discovered five skulls in the 
Upper Pleistocene beds of the Solo River, some twenty miles 
from Trinil. In the original account of the discovery, which 
appeared in the records of the Survey, published at Batavia, 
and of which a brief r^sum^ appeared m Nature of June 1 1, Mr. 
Oppenoorth gave his reasons for regarding Homo soloensis,^ as 
it is proposed to call it, a new type, resembling, yet differing 
^m. Neanderthal man, presenting certain afmiities with 
Rhodesian man, and ancestral to the modem Australian. Com- 
menting on the description of Solo Man Dr. Dubois stated, in a 
letter to Nature of July 2, that he regarded the type as identical 
with that of Wadjak man, which he himself had discovered in 
1889-90, and further emphasised the resemblance to Rhodesian 
nian, bringing the latter more closely into association with the 
line of descent of the modern Australian, and possibly designa- 
ting him as the prototype of Homo sapiens. Ftof. Elliot Smith, 
in referring to this discovery at Ngandong, pointed out how it 
complicated the bsue in r^ard to the new femora discovered by 
Dr. Dubois by suggesting that they might belong to Homo 
soloensis. 

Lloyd's Skull. — The second pronouncement made by Prof. 
Elliot Smith related to the skull found in 1925 in the course of 
the excavations for the foundations of Lloyds new building in 
Leadenhall Street, London. The skull, or rather the fragments 
which have been restored to form part of a skull, was found at a 
depth of 42 feet from the surface. It belonged to a woman of 
about fifty years of age who probably was left-handed. It was 
derived from blue clay, which could be referred to the Flood 
Plain Terrace then assumed to be post-Mousterian in age. It 
presented such a profound contrast to post-Mousterian skuUs 
hitherto occurring in Europe, that it was found difficult, if it 
were Aurignacian in age, to interpret its significance. later, 
however, Mr. Broonmead expressed the view that the 
fluviatile beds which underlie Leadenhall Street are part of the 
Taplow or Middle Terrace of the Thames, and Miss Dorothy 
GiOTod, on examining the evidence, has arrived at the conclusion 
that the skull is definitely Mousterian or, possibly, even earlier. 
Further, Dr. Matthew Young has conmared the skull with a 
series of mediseval female skulls from Glasgow, which present 
the same peculiarity as the Lloyd’s skull (the presence of a 
supra-ocdpital bone), and has expressed the opinion that tlm 
Lloyd's skull is not significantly different from that of Homo 



ARCHiEOLOGY 347 

sapiens, modem man. CHdng to the fragmentary condition of 
the skull, certainty is not possible ; but there is a high degree 
of probability that it is vastly more ancient than any other 
known representative of the species. 

Oldoway Man. — Prof. Elliot Smith was in a position to 
r^rd this as the oldest specimen of Homo sapiens with the 
more confidence in view of the fact that, as he put it, reasons 
had been advanced for " discrediting the claims for the remote 
antiquity of the Oldoway skeleton.” It had been announced 
at an earlier stage in the Congress that the antiquity of Oldoway 
man had been disproved, but that the evidence upon which this 
conclusion was based was not yet available, although publica- 
tion was imminent. The importance of recent controversy 
on the antiquity of the Oldoway skeleton will extenuate further 
digression. It will be remembered that in the course of last 
year Dr. Hans Reck, wdio discovered the Oldoway skeleton in 
Tanganyika in 1913, gave an account of his discovery before 
the Royal Anthropological Institute, and, as a result of the 
dbcussion which then arose, it was arranged that he should 
accompany Dr. L. S. B. Leakey, and Mr. A. T. Hopwood, of 
the British Museum (Natural History), to East Africa, and 
there examine afresh the stratigraphical evidence for the high 
antiquity of this specimen which, it was agreed, belonged to 
the type of Homo sapiens. Briefly, the finding of the exp^ition 
was tfet the human remains were contemporary with the beds 
in which they were found — ^the second from the bottom in a 
series of five. Comparison with the stratification of Dr. Levey’s 
discoveries in Kenya warranted an attribution of the remains to 
a Middle Pleistocene dating, while the five beds showed imple- 
ments in a progression ascen^ng from pre-Chellean to Acheulean 
and Aur^nacian ; the second bed, in which were the remains, 
belonging to a Chellean horizon {Nature, October 24 and Decem- 
ber a6, and Man, August 1932). An antiquity so remarkable 
for Homo sapiens was not accepted without question. French 
anthropologists, notably M. Marcellin Boule, and M. R. Vaufrey 
in L'Anthropologie, vol. XLII, Nos. 1-2, had felt some doubts on 
the grounds of the resemblance of the skeletal remains to the 
modem Masai ; while Messrs. Fosto'-Cooper and D. M. S.Watson 
had pointed out that the flexed position and the fully articulated 
skeleton, a condition virtually never found by the palaeontolo- 
gist in such deposits as these, suggested both a burial and a 
recent orgin (see February 27, 1932). Inreply Dr. Leakey 

admitted the probability of a burial, but reaffirmed its antiquity 
on the ground that neither the skeleton itself, which he Imd 
examinM in Germany, nor the site showed any signs of intrusive 
material from the upper beds, as would inevitably have been 
the case, and as it would have been easy to detect, on account 
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of the d^fenmcee in colour of the beds, had the burial been 
historic and of a later date than the laying down of Bed 2 (see 
Nahtrt, May 22, 1933). 

The final phase of the controversy was reach^ with the 
publication of a letter from Prof. P. H. G. Boswell in Nature of 
August 13, in which he stated that material taken from within 
the ribs of the Oldoway skeleton had been analysed and com- 
mured with an analysis of material from the beds ovwlying 
Bed No. 2 at Oldoway. The material from the Oldoway 
skeleton proved to be identical with material from Beds Nos. 3, 
4, and 5. This evidence of the modern origin of Oldoway man 
is conclusive. 

PaUsHne Man . — ^To return to the proceedings of the Inter- 
national Congress. Mr. Theodore McCown, of the American 
School of Prehistoric Research, and Sir Arthur Keith, gave 
between them an account of the recent discoveries relating to 
palamUthic man in Palestine and the deductions to be drawn 
therefrom. Mr. McCown described the discovery of the 
cemetery on Mount Carmel, which was announced in May last. 
It is situated in a small cave-rock shelter known as the Cave of the 


Kids (Mugharet es Sukhul), about fifteen miles south of Haifa, 
and one of the group of caves which is being excavated under 
the direction of Miss Dorothy Garrod by the joint Expedition of 
the British School of Archaeology in Palestine and the American 
School of Prehistoric Research. The deposits of the cave con- 
sist of a hard bone breccia, with an abundant flint industry, 
which is a well-developed form of Levalloisian — a flake industry, 
the predominant form beii^ Levallois, with the associated 
tortoise cores, but with a fair proportion of long narrow flakes 
that are properly classifiable as blades, burins of various types, 
And a number of crude ai^le gravers on Mousterian flakes with 
fiiceted butt. The deposits average a thickness of 3 metres, 
of which the top is soft, and contains a small number of Upper 
Palaeolithic forms. Below this " surface film," the deposits 
become progressively harder, and are Mousterian throughout. 
The skuU and skeleton of an infant were discovered here in 1931 . 
This year eight more individuak were uncovered, seven in the 
hard nreccia, and one, though unmistakably of the same Iveed, 
in softer material just above. All lie at depths of 1*5 to 3*5 
metres, some actually on the floor, which is irr^ular. Two 
have now been completely cleaned. Such observations as 
could be made in the time indicate that these people combined 
Neaadorthaloid features with others that are clearly Nean- 
thro|»c. The skulls are high, with a well-vaulted frontal rising 
away from a tremendous supra-orbital torus, well-marlcM 
Mvietal eminoices, and temporals with a heavy ri^ runniiw 
Sack towards a well-marl^ occipital torus. Facial anS 
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alveolar prognathism is marked, and there is a massive jaw 
with rami set at nearly rwht angles to it and an unmistakable 
rhin. The lower of the face must have been ei^geratedly 

grotesque. The limbs are long and massive, with marked 
development of the surface for muscular attachments. A curved 
femur and retroversion of the tibia indicate a slouching gait. 

Sh Arthur Keith added further particulars. He recalled 
that the earlier discoveries of a primitive type of man in 
Palestine — a skull, or parts of a skull, by Mr. Turville-Petre in 
Galilee in 1925 and teeth found by Miss Garrod at Shukbah and 
on Mount Carmel — showed Neanderthal characteristics ; but 
the ihst discovery to reveal that we were dealing with a 
Neanderthal man that was not the European species was the 
discovery, also made by Miss Garrod, in 1931, of the complete 
skeleton of a child some 2^ years old. The skull of this child 
has a cephalic index of 72 and a capacity of about i ,000 c.c. 
The hinder half of the skull, while it has certain p^uliar features, 
shows modem or neanthropic characters, the parietal eminences 
being pronounced, while the conceptacula for the cerebellar 
lobes are prominent and set widely apart. The t3rmpanic plate 
differs from that of a Neanderthal child, and also from that of 
Sinanthropus ; but it has resemblances to that of a modem 
child. The bones of the limbs in their absolute dimensions, as 
weU as in their relative proportions, have close resemblances to 
those of Australian aborigines, the tibia being relatively long. 
The pelvis and hip joint show peculiar features. The teeth are 
not markedly taurodont, and their cusp pattern resembles that 
of Neanderthal man. Taking into account the combination of 
Neanderthaloid and Neanthropic characters. Sir Arthur regards 
this as a new type, for which he suggests the name Homo 
palestinus. 

In a further communication Sir Arthur Keith dealt with the 
late palaeolithic (or mesolithic) people of Palestine, who were 
discovered by Miss Garrod in association with a new mesolithic 
culture, to which she proposes to mve the name " Natufian,” 
from the name of the wady in which one of the excavated sites 
was situated. These human remains were obtained from caves 
situated at Shukbah in the Judaean Hilb in 1928 and in caves 
on Mount Carmel in 1929, 1930, and 1931. Sir Arthur accepts 
the name Natufian ” to designate the people as well as the 
culture, for they are a peculiar people not to be identified with 
any living race, but perhaps to be assigned to that which is 
r^resented by the Memterranean Race. They exhibit afl^ties 
with the neolithic inhabitants of Malta, the negroid element of 

& in Aurignacian times and, more distantly, the pre> 
inhabitants of Einrpt and late palaeolithic people of 
frica. AtShukbi^ a remains representative of 45 indi- 
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i^duab were found. Of ttiese 35 were adult, 9 females and 16 
females, while 3 were indeterminate. On Mt. Carmel a verit- 
able cemetery contained ronains belonging to 87 individuab. 
Of these 35 were adult males and 23 adult females, 6 beit^ 
indeterminate. The num^r of complete skulls or skeletons is 
small. In only 20 individuab can an approximate size be 
given for the skull, while as regards shape, allowance has to be 
made for distortion due to pressure. However, it is possible 
to say definitely that the Natufians were a dolichocephalic 
people, the cephalic index varying from 72 to 78 ; that they 
had cap-shaped occiputs ; that the dimensions of their heads 
was greater than those of the predynastic Egyptians ; that their 
facM were short and wide, that they were pr^nathous, and that 
their nasal bones formed a wide, low arch. Their chins were not 
prominent, but were masked by the fullness of the teeth-bearing 
parts of the jaw. The stature was low — about 1*650 m. for 
men and i *524 m. for women. There is a strong development 
of the bones of the thigh and leg in contrast to that of the arm, 
forearm, and shoulder. 

From thfe material Sir Arthur drew some interesting infer- 
ences in re^rd to the cultural habits of the Natufians. It is 
noted that it was their custom to extract the two upper central 
indsors of the women. Of five p>alates from Shukbah, three 
show thb mutilation. In the Mt. Carmel cemetery seven 
palates, all of women, show evidence of the extraction of one or 


both upper incisors. At Kebara, between Carmel and Shukbah, 
Mr. TurviUe-Petre found evidence of the same practice. The 
Natufians at Shukbah seem abo to have practbed cannibalism. 
Thb at least would appear to be the only explanation of the 
fact that the bones show evidence of having been cut and 
fi»ctured when they were quite fresh. No such evidence 
appeared at Carmel or Kebara. A third practice of a still more 
renwkable character came to light at Kebara. In the meso- 
Uthic deposits were found an assortment of fragmented l^nes 
which had been burned — ^not when they were fresh, but after 
they had been freed from animal matter by exposure or burial. 
The fn^;ments represent at least 75 individuab, mostly women. 
At the same time Sir Arthur had received from Mr. L^nard 
Woolley a box of human remains from under the foundations 
of Ur, which also represented, not ordinary cremation, but the 
cremation of dried skeletons. Again, women’s bones prepon- 
derated. Miss Caton-Thompson had forwarded burnt bones 
from Zimbabwe, skulb of two women, which had been burned 
long after the flesh had disappeared from them. Was there, 
aslmd Sir Arthur, once a custom in ancient times of diggin g up 
the boims of ancestors and the submitting them to the ordeal 
of fire ? 
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Denial MuHUUion . — This reference to the cultural habits of 
the Natufians aroused comment from Prof. Elliot Smith on the 

g round of chronology^ ; and here we may refer to a letter from 
im which appears in Man for August. He there criticises 
certain cultural arguments which l^d been put forward as 
supporting the high antiquity of Oldoway man. One of these 
is the practice of dental deformation. The lower incisors of 
Oldoway man had been filed on the frontal aspect ; and it had 
been maintained that this practice had not been observed else- 
where in Africa. Prof. Elliot Smith argues that tl» practice 
of dental deformation or mutilation was not introduced before 
about 300 B.C., his evidence being observations made by himself 
and Dr. D. E. Derry in a Ptolemaic-Roman cemetery in Lower 
Nubia in the neighbourhood of Dacca. A variety of dental 
mutilations was there recorded, and it is his opinion that the 
custom of filing, such as that observed in Oldoway, was the 
original method of ceremonial extraction of the teeth, and that 
it had almost immediately been superseded by lateral filing or 
evulsion. 

The argument is of considerable interest, especially in viw 
of two other recent studies of fossil man, in both of which 
evidence is shown for the practice of dental mutilation. 

Fossil Types in Africa . — Of these, one was a communication 
made to the International Coi^ess by MM. Marcellin Boule and 
H. Vallois dealing with “ The Fossil Men of Afalou-bou- 
Rhummel (Algeria)," an investigation of which the archaeolo- 
gical world is glad to have further details. The remains belong 
to at least 50 individuab, from which 9 skeletons up to now 
have been reconstructed. The skulb are described as almost 
all having a brutal aspect. The supra-orbital arches are tmited 
in a well-developed prominence at the glabella. Of 38 skulb, 
16 are dolichocephalic, 16 mesaticephalic, and 5 slightly 
brachycephalic. The occiput sometimes tends to be chiton- 
shaped. The limb bones are stout. The t3rpe agrees with one 
already discovered in Algeria in deposits which are usually 
r^arded as of Neolithic Age. It cannot be related to Nean- 
derthal man, nor to Cro-Magnon, nor to the Mediterranean or 
negro types of modem times. It represents a new type of 
fossil man for which the name of the Mechta race is suggested. 
It b characteristic of the Capsian culture of North Afirica. 
Thu people practised knocking out the incbor teeth in 
early Ufe. 

The second study, abo by MM. Boule and Vallob, deab with 
a skeleton found near Asselar, a French post in the Sudan. 
Hie skeleton was found in 1937, but has only recently been 
partially cleared from its matrix, and studied by the authors, 
who have publuhed their results as M 4 m. 9, Archives de 



m SCIENCE PROGRESS 

PJmtiM dt PddmUdogit humam$. The skeleton was found in % 
deposits on the slope of an escarpment, having been partially 
washed out by drainage from the upper parts of the slope of 
the rains of the previous season. It lay in a distorted position, 
partly on its right side with legs bent upward. Unfortunately 
the eicposed parts had been broken off, leading to the loss of 
the greater part of the leg bones. It had not been buried, and 
did not appear to have been water borne. It is reasonable to 
conclude trat it is contemporary with the fauna of deposits in 
the immediate neighbourhood identical with those in which the 
skeleton was found. Fresh-water shells and fauna, gazelle, 
antelopes, etc., now extinct in the area, point to these deposits 
^ving been laid down at a time when the Sahara was fertile 
and well watered, the site itself having been a fresh-water lake 
or a tributary of a river system long ago extinct. On the 
ground of the evidence as reported to them, the authors would 
attribute to the skeletal remains a high antiquity — certainly 
dating back to the pleistocene, and probably to^a time corre- 
sponding to an early phase of the European Age du Renne. 
Summarily stated, the characteristics of the skeleton are that it 
is male, tall, with limbs proportionately long, and dolichoce- 
phalic, with an index of 70*9. The face is mcsoprosopic, 
approaching brach3rprosopic, but at the same time very broad, 
thus being dysharmonic. The profile is mesognathous, but 
with strongly marked alveolar prognathism. The teeth are 
laige. The nose is platyrhine and the orbits microseme. The 
upper incisors had been knocked out early in life. As a whole 
the skeleton presents marked neCTo or negroid characters. On 
a comparison with other types of fossil men, it differs markedly 
from the men of Afalou-nou-Rhummel, notwithstanding the 
cultural affinity of evulsion of the teeth, while it presents certain 
afi^ties with Grimaldi man, and although dinering from the 
fossil men of South Africa, ^skop, Springbok, and others, in 
manv respects, it possesses certain common facial characters 
which warrant its beii^ classed with them as essentially of the 
African stock. The most marked difference is the high cranial 
vault. Among the living races it differs essentially from the 
$udan negro, and its closest affinity is with the Bantu and 
Hottentot of South Africa, notwithstanding the fact that these 
are mixed races. This the authors would explain as due to the 
filct that these hybrids have preserved primitive features — 
certainly to a greater degree than the highly specialised Bush- 
man. They would suggest, therefore, tW the fossil man of 
Asselar represents an ancestral stock which split into two, one 
branch going north and developing ultimately into Q-o-Magnon 
and to be correlated with the Capsian culture which appears m 
l^urope as the Aurignacian, while another branch travelled 
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south to develop ultimately into the Bushman, Hottentot, and 
Bantu of that area. 

Bourdtilles {Dordogne). — ^Attention must also be called, 
though unfortunately only the briefest reference is possible, to 
another important recent publication of the Institut de Pal^n- 
tologie, a study of the rock-shelters and caves of Bourdeilles by 
M. Peyrony (“ Les Gisements prdhistoriques de Bourdeilles (Dor- 
dogne),” M 4 m. lo. Archives de I'Institui de Paldontologie 
humaine), in which the author describes the finds in the cave, 
several of them unique, and the art, basing on the latter a study 
of quaternary art. On the evidence of the culture of the caves 
as a whole, certain suggestions are offered as to racial movement 
in palaeolithic times, and the relations of Solutrian and Aurigna- 
cian peoples and cultures. 

Palestine. — ^While conditions in Egypt continue to be un- 
favourable to archaeological exploration, and in Mesopotamia, 
except for some unforeseen good fortune, activity is likely to be 
devoted to the consolidation of what has already been won 
rather than the opening up of new fields, the investigation of 
the archaeology of the Middle East may be exacted to focus 
more and more on Palestine. Concentration on this area may 
look for ample reward in view of its geographical position and 
the effect of geographical conditions on the relations of Palestine 
and her neighbours in early times. The attention which has 
been given by members of the British School of Archseology in 
Jerusalem and the American School of Prehistoric Researcn to 
early man have produced within a comparatively short period 
,, material of the feat importance, while the results which have 
steady rewarded the first season’s work in the resumed excava- 
tion of the city of Samaria have fully justified that undertaking. 
On two sites in particular, however, work has been done which 
is, or will be, of the greatest significance, sooner or later, in 
clearing up obscurities in the early history of Palestinian cul- 
ture. These are the excavation of Jericho by Prof. John 
Garstang, and of Tel el-Ajjul, the ancient Gaza, by the British 
School of Archaeology in Eg3q)t under Sir Flinders Petrie. 

Prof. Garstai^ completed his third season's work on the site 
of Jericho in the spring of this year. In the first two seasons 
he had failed to obtain any certain evidence of chronology, one 
of the main objectives of his research. By the opening of his 
third season he had, however, arrived at the conclusion that the 
conflagration, for which evidence had been found as the cause 
of the destruction of the city, had taken place during the late 
Iwonze Age, {nrobably somewhere about 1400 b.c. Tito con- 
ciUftion was based, not only on the evidence of stratification, but 
w»o on the absence of any si^ of Mycensean contact. With a 
view to corroboration, attention was turned to the Bronze Age 

*7 
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cemetery some four hundred yards west of the city mound and 
twenty-nvc tombs were opened and cleared. A large numtw of 
objects, some eighteen hundred, mostly pottery, were obtained, 
a>vering the history of the city throughout the Bronze Age. 
Among them were ninety-four Eg3rptian scarabs, ranging from 
the Hyksos period to the re^ of Amenhotep III ; but nothing 
of the Tel-el-Amama period or the age of Akhenaton came to 
l^ht. It is therefore, he holds, legitimate to conclude that the 
city was destroyed somewhere between 141 1 b . c . and 1375 b.c. 
An earlier rather than a later date in this period seems to be 
considered the more probable. There is evidence that people 
were living on the site in the Iron Age, but effective occupation 
and the rebuilding of the walls did not take place until about 
900 B.c. 

Sir Flinders Petrie’s previous excavations on the site of Tel 
el-Ajjul in Southern Palestine have proved, in a sense, merely a 
prelude to the remarkable results which he achieved in the work 
of last season. He himself regards the site as one of exceptional 
importance, and holds that on it the early history of Palestine 
has been more fully explained than on any other in the country. 
Its culture extends from rock-cut tombs of the Copper Age, 
say 3400 B.C., in which copper daggers and pottery were found, 
to Tothmes III, from whose day the site was abandoned until 
reoccupied by the Arabs in the Middle Ages. No less than five 
palaces were erected on the hill, which was artificially extended 
to accommodate expansion. The first palace was erected by 
the people who introduced bronze from North Syria, the 
founders of the Eighth Egyptian Dynasty. It was probably 
the founders of the Xllth Egyptian Dynasty who built the 
second palace ; and the third and fourth were the work of the 
Hyksos. An account of the results obtained appears in Ancient 
Egypt, 1932, Pts. I and 2. 

Among the more noteworthy features revealed up to the 
present are the technical skill shown in the building of the 
urge-scale Palace No. i, with its stone basement and its bath 
chamber with plastered floor and its carefully arranged drainage 
slope to the outside of the palace. All later buildings were on 
a decreasing scale of size ; and, indeed, this is one of the largest 
r^ular blocks of building known in Palestine. In Pabce No. 2 
the builders did remarkably regular work, llie bricks of 
yellowish clay were so well made that later people took the 
walls to pieces in order to use the bricks. 

Some remarkable evidence of cultural practice came to luht, 
not yet susceptible of complete explanation. In late Hyksos 
times a curious place of offerii^ was set up in front of the 
palace. In a bnck tower about 15 feet square was found a 
chamber lined with rough stones and with a rough stone fl^. 
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On this lay a quantity of pmonal jewellery-— armlets, ear-rings, 

ffi etc., in gold and semi-precious stone. The chamber was 
with lumps of stone to about 3 feet deep. No such 
offering place is known elsewhere. 

A remarkable deposit lying between the cemeteries and 
dating perhaps from about 2500 b.c. consisted of the remains 
of a great burning, in which two basalt tripod stands, an 
alabaster vase and slate dish, all broken, and a quantity of gold 
and silver work had been destroyed. All the gold plating had 
been tom into the smallest fragments. In the opinion of Sir 
Flinders, it is neither a burial nor hiding-place, nor is it loot. 
It is evidently the destruction of property which had to be 
annihilated for the common good. The parallel of Achan is 
cited. It would thus appear to be a Palestinian custom of 
expurgation, which came mto usage among the Israelites. 

Sir Flinders Petrie also contributes to Ancient Egypt, 1932, 
Pt. 2, a notice of the pictographic seal-inscriptions found in the 
course of the exploration by the Archseological Survey of India 
of the ancient civilization of the Indus valley. Sir Flinders 
essays an interpretation of the inscriptions on the presumptions, 
firstly, that being engraved on stone, like the Egyptian hiero- 
glyphs, this pictorial system suffered little change in copying, 
and portrays in a more or less readily recognisable form the 
objects symbolised by each picture ; and secondly, that the 
inscriptions on the seals, like those of Egypt, record titles of 
officials probably analogous to the official titles of Egypt, to 
which Sir Flinders has devoted considerable study. A large 
proportion of the inscriptions are tentatively interpreted on the 
basis of these presumptions. 

Cornish Gold Hoard . — Before closing these notes mention 
must also be made of a study by Mr. Christopher Hawkes of 
the Towednack hoard of gold found on a farm near Penzance in 
Decemb^ 1931 and May 1932, which appears in Man for 
August, with photographs of the objects. They were nine in 
number, four of them being personal ornaments, two tores and 
two bracelets, two unfinished bracelets, and three twisted rods 
of gold, evidently the goldsmith’s raw material. One of the 
tores, three strands of twisted wire with the ends welded 
together and bent to form a clasp-hook, is unique ; while the 
laKer, a strand of twisted wire, is 45 inches long or slightly over, 
and a highly finished example of the goldsmith’s art. Mr. 
Hawkes, using this tore as his basis of comparison, dates the 
hoard as belonging to the period of transition between Middle 
and Eate Bronze Age, say, somewhere between 1000 and jso 
B.C., and regards it as, possibly, marking the return of Coraish 
commercial activity which had died down during the Middle 
l^nae Age, but revived to culminate in the Iron Age. 
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MODERN PHYSICS AND THE FIRST 
PRINCIPLES OF SCIENCE 


By G. B. brown. M.Sc. 
Vmtmntty C«iUg$, Lomim, 


** I have no doubt whatever that our ultimate aim must be to describe 
the sensible in terms of the sensible." 


J. H. POYMTINO. 


'* Nowadays we do not encourage the engineer to build the world for us 
out of his material, but we turn to &e mathematician. . . ." 

Sir Arthur Eddington. 


No one who is acquainted with recent developments in theo* 
retical physics can fail to realise that a very fundamental change 
is taking place as regards the methods and aims of the scientific 
interpretation of nature. Unfortunately it is far firom easy to 
see exactly what this change is. This is due partly to the very 
ephemeral character of modern theoretical research and partly 
to the fact that different writers vary very much in the inter- 
pretation of its significance. 

In a recent book by F. S. C. Northrop,* Assistant Professor 
of Philosophy at Yale University, an attempt has been made to 
view modern theories against a background provided by the 
early Greek philosophies. In this way Prof. Northrop succeeds 
in reviewing recent developments in a most fascinating and 
illuminating manner, and in the present article it is proposed 
to summarise his treatment as regards physical science, and to 
discuss certain advances which have occurred since tus book 
was writteU. The book does not deal only with physics, but 
abo with biology and psychology ; in fact, it advocates a definite 
philosophy of nature. In spite of its originality and interest, 
however, we shall only mention it here in so far as it is required 
for an understanding of physics. 

Northrop 's thesis is that a sound knowledge of the first 
fninciples of science produces a genuine economy in thought, 
since, as the Greeks saw long ago, if the same problem occurs in 

I Smntu and Fint Principtes, Cambridge Univeraity 1931. 
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many branches of sdence much trouble and time is saved by 
solving it jSrst at the level of first principles. Further, con* 
siderations of first principles often enable a complicated theory 
to be shown to be unsound without wading through a mass of 
facts and figures : this is similar to the Method of Dimensions 
in physics in which, if the opposite sides of an equation are not 
of the same dimensions, it is certain that there must be an error 
in its derivation. 

In order, therefore, to understand why the first principles 
of science are now being revised for the third time in twenty- 
seven centuries, we must go back to the ancient Greeks. 
Thales had noticed that nature is stuff, it is composed of 
objects which have the quality of permanence, and Heraclitus 
noted that nature contains change. These are the great 
extensive characteristics of nature, and belief in them does not 
depend upon an accumulation of instances. The principle 
that nature consists of permanent objects and change is the 
principle that the real is physical : it is the basis of all ph3rsical 
theories. It was left to Parmenides to point out that the 
presence of these two extensive characteristics involves the 
existence of something else. His argument is brilliant and 
irrefutable. Change, he said, must be due to generation or 
motion. Generation is incompatible with the principle that 
the real is physical, since this involves eternal objects which 
do not change their properties. Therefore change must be due 
to motion. But motion requires that a body may move from 
where it is to where it is not. But if the body is stuff and the 
whole of the rest of nature is also stuff, there is no where-it-is- 
not, and motion is impossible. The problem is not overcome 
by regarding stuff as many rather than one, since manyness 
requires the possibility of distinguishing between one atom and 
another, and this is impossible if nothing but the stuff of the 
atoms exists. (Note that what is needed is a referent to dis- 
tinguish one atom from another, more than an intervening 
medium.) 

Heraclitus and Parmenides attempted to get over this 
difficulty by denying one of the facts. Heraclitus denied that 
there is any real permanence in nature, and asserted that 
reahty consists of a flux in which matter is a mere appearance 
which comes and goes. Parmenides denied diange, and said 
that it must be an illusion, and that nature is one huge spherical 
substance. But this denial of the obvious characteristics of 
nature was clearly unsatisfactory. Leucippus saw that another 
referent was needed to make motion possible, and when this 
ref^nt was taken to be the spatial characteristic of nature 
which the Greeks called the " void," the foundation was laid 
of what Inter became the doctrine of absolute space, and with it 
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the kinetic atomic theory in a form which has remained ^ 
changed down to the present time. This theory is the pl^sical 
i^ory of nature. The extensive fact of nature, stun, is a^ 
counted for by eternal atoms ; the extensive fact of change is 
accounted for by the movement of these atoms, and the move- 
ment is possible because they are in absolute space. The atonu 
and imace have fixed properties, so that the principle of being is 
satisfied, i.e. the real things composing the world do not change 
their properties, but are eternal. Absolute space has remained 
the background of the picture of nature drawn by science right 
up to the time of Einstein. 

The consequences of the adoption of the physical theory of 
nature are of far-reaching importance. Firstly, it involves 
mechanical causation. Secondly, form can never be a cause 
of natural phenomena ; it is due to motion of atoms which 
might produce disorder as easily ; in fact, disorder is very much 
more probable, which is one form of the statement of the 
l^cono Law of Thermodynamics, which is thus involved directly 
in the physical theory. 

We must now consider another theory adopted by the 
Greeks which we may call the mathematical theory of nature. 
This arose from the study of mathematics and astronomy, the 
dominant sciences of the Greeks ; it began with Pythagoras and 
Eudoxus, and was finally developed by Plato. They noticed 
that the laws which they had used to bring several centuries 
of astronomical evidence into order and rational correlation 
were not concerned directly with physical objects at all. They 
referred instead to perfect geometrical forms and to ideal 
mathematical proportions. It seemed as if nature were a sys- 
tem of logical and mathematical forms rather than a collection 
of moving physical atoms. Thus it followed that the real is 
rational rather than physical. This is what Sir James Jeans 
means when he says reality is more like the mind of a mat^ 
matidan than a collection of billiard balls. In fact, to see how 
the ideas of Pythagoras and Plato are arrived at from the 
study of modem, and therefore much greater, evidence one 
cannot do better than study The Mysterious Universe where 
these views are advanced with disarming naiveti. 

Of several important consequences of such a view, now 
known as Platonism, we shall mention only a few : ^tly, 
the pi^ary causal importance given to relations ; secondly, 
the distinction between the apparent world of bodies and 
motion and the real world of changeless mathematical form ; 
and thirdly, since the real mathematical forms are not observed 
directly in nature, they can only be suggested by experiment, and 
do not follow by logical imphcation, which means that the 
deductive method is preferable to the inductive method. We 
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shall see these consequences much more clearly when we 
discuss the methods used by Sir Arthur Eddington. 

The third great philosophy of the Greeks grew out of the 
study of biology, and is associated with the names of Hippo- 
crates of Cos, Empedocles, and Aristotle. Hippocrates was the 
first to emphasise that a living organism is a nnechanical 
system, and also that form or organisation was one of its fun^- 
mental characteristics. It was the mystery of organisation 
which forced Aristotle to an entirely new view of what was real 
in nature. It was impossible for him to attempt to account 
for the ordered growth and reproduction of living things by the 
motion of atoms which did not change their propjerties, owing 
to the elementary state of physical and chemical knowledge of 
his time. Organisation in living things seemed to involve form 
as a cause, as well as matter, and if this were admitted it 
meant, of course, that the physical and mathematical theories 
of nature had to be abandoned, since the former admitted only 
material causes and the latter only formal causes. And here 
we come to a very important point which is stressed by Northrop. 
Aristotle saw that to try to solve the problem of organisation 
by just retaining the physical atomic theory and adding on 
some organic formal relation as a cause is impossible, for the 
simple reason that there is no form apart from something 
which has form. If we are to force physical atoms to grow into 
a tree, we must act upon them physicdly — a disembodied form 
cannot do this. Thus Aristotle did not fall into the logical 
errors of the idea of emergent evolution which is still current 
to-day. Instead, he rejected the physical theory, and made 
matter and form attributes of some more fundamental and 
essentially different type of stuff. This stuff always exhibited 
both its material anrl formal aspects. But the formal aspect 
of nature is always changing, so that this more fundamental 
substance must also change its properties. 

In this way Aristotle was led to the third of the great 
Greek philosophies, the functional theory which involves the 
principle of becoming, i.e., the principle that what is real in 
nature changes its properties. This, of course, is in direct 
opposition to the principle of being, which is at the basis of 
the physical and mathematical theories of nature, and which 
asserts that the real is fixed and unchangeable. The doctrine 
of mechanical causation cannot appear in the functional theory, 
since reality is constantly changing its properties, and in order 
to forecast them we need to know final as well as present and 
past conditions : thus mechanical causation gives way to 
teleology. 

These are the three great Greek philosophies of nattu-e, and 
if matter and change are to be accounted for it must be in one 



860 SCIENCE PROGRESS 

of these three ways. The Greeks, however, nevw decided 
u^n which of them they would found the firet principles of 
science. The implications of these three world-views are 
summarised by Northrop as follows : 

“ The physical theory implies (i) the principle of identity, 
(2) the priority of eternity over temporality, (3) the principle of 
mechamcal causation, (4) the doctrine that all non-spatial 
relations are effects of atomic motion, and (5) the existence of 
a referrent in addition to the microscopic particles. 

" The mathematical theory implies m the principle of 
identity, (2) the principle of mechanical causation, (3) the 
doctrine that only relations are causes, (4) the thesis that the 
method of hypothesis is the fundamental scientific method, and 
(S) the cpistemolo^cal principle that the real world is suggested 
by, but not contained in, the world of sensation, 

'* The functional theory involves (i) the principle of tele- 
ology, (2) the primacy of the method of abstraction, (3) the 
epistemological principle that the real world is contained in 
the world of sensation, (4) the doctrine that matter and form 
are mere attributes of a process, or “ event,” or dynamic t3rpe 
of substance, and (s) the thesis that there is only one real 
individual in nature which is the ” event,” or process, or dy- 
namic substance, termed nature as a whole.” 

In following the history of these theories up to the present 
time, we will pass over the early Platonism and later Aristote- 
lianism of the Middle Ages to consider the foundation of the 
physical theopr of nature which commenced with Galileo and 
Newton. This was the second time in the history of Western 
civilisation that the first principles of science were called in 
question. Galileo's formulation of the ” science of local 
motion ” was amplified and formally expressed by Newton in 
terms of mass, force, time, and space. Thus the physic^ 
atomic theory was born afresh ; nature consisted of the move- 
ment in absolute space of unchanging particles governed by 
forces which were properties of the particles themselves. The 
fact that force was considered as necessary only to change the 
velocity of a body, and not to maintain the motion as Amtotle 
had taught, involved the concept of inertia. Bo^es not only 
remained at rest when no forces were acting but also continued 
to move if a force acting on them ceased. This inertial motion, 
Newton maintained, was " uniform ” and ” straight.” 
Straight motion was defined by means of the then only geo- 
metiy, that of Euclid : this, together with the defining of ” uni- 
fbrm motion,” involved Newton in the concept of abM^ute 
space and absolute time. Thus the referrent for motion wUdt 
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Parmemdes had shown to be required was taken by Newton 
to be absolute space. By absolute space Newton denoted space 
which “ in virtue of its nature and without reference to any 
external object whatsoever, always remains immutable ana 
immovable.*' This extraordinary statement means that this 
assumption is for ever unverihable, since space itself is intangible, 
and if it has no reference to any object it can never be detected. 
Thus Newton violated his own pnnciple of investij^tin^ only 
what is ascertainable by observation. The objectification of 
the idea of space in this unanalysed way would have been quite 
impossible to the Greek mind — ^they had no word for “ space ” 
— and could only occur, as Spengler has so amply shown,* to 
a mind in the late stage of what he calls the Faustian or Gothic 
Culture. These intuitive assumptions of absolute time and 
space lasted in science, as we know, right up till recent times, 
until the diflSculties which they involved forced Einstein to 
deny them in his theory of relativity, and so to bring the 
first principles of science into question for the third time in 
history. 

Before this happened, however, another absolute was added 
to the physical scheme, and this time it was a continuous 
substance, the ether. Newton’s absolute gravitation, space, 
and time were systems of continuous relatedness, but the ethw 
was a new stuff. It was natural to suppose that possibly this 
stuff and matter stuff were the same, and Lord Kelvin attempted 
to reduce continuous ether to discontinuous matter by means 
of his vortex atoms. But here again we are confronted with 
motion in a continuous substance, and this, as Parmenides had 
shown, is impossible. Let us repeat it : for the ether to move 
there must be somewhere not-ether for it to move to, say 
“ space.” Again, since Kelvin already believed in the atomic 
theory, the ether must be many and not one. Hence we have 
many ethers and space, i.e. atoms and absolute space, which is 
what the physical theory of nature already amounted to. No 
advantage therefore could be gained by the additional com- 
plication of vortices. If Kelvin had remembered Greek logic 
there would have been no vortex-atom theory. 

Let us now consider what has happened to the first principles 
of science with the advent of the theory of relativity and the 
themy of quanta. With regard to the former, we Itoow that 
at one stroke Einstein abolished, with the special theory, 
absolute space, absolute time, and absolute ether, and sub- 
stituted absolute space-time. Then with the general theory 
he abolished absolute space-time and absolute gravitation and 
left only matter and the tensor equation for CTavitation, which 
specifies how matter determines the metrical structure of the 
‘ OnniM Speagler, The Decline of the West, Allen ft Unwin. 



» 6 » SCIENCE PROGRESS 

four-dimensional space>time surrounding it (^p^duch is therefore 
relative). Suddenly, therefore, the physical theory of nature 
has been shorn of all absolutes except matta*. A more 
thorough-going physical theory has never been propounded : 
even the metncs of space and time and space-time which were 
r^prded as independent of matter, are now “ defined at every 
point by the matter at that point, and the state of that matter *’ 
(Einstein »). 

Now, according to Northrop, although so clearly a physical 
theory of nature, nevertheless it is unsatisfactory in a very 
important particular, for we are left without any referent for 
atomicity and motion. For, apart from the difficulty of motion, 
atomicity is impossible if there exists only moving particles 
and their relations to one another. It is the argument of 
Parmenides again. We shall not follow here Northrop’s 
solution of this difficulty by the postulate of another physical 
body, the “ Macroscopic Atom,” which surrounds the whole 
universe, since the arguments are chiefly of a philosophical 
nature, and Northrop’s own presentation must be studied in 
order to appreciate it fully. We shall content ourselves with 
remarking that it is not so ridiculous as appears at first sight, 
and there are many suggestive analogies between Northrop’s 
physical views and those of recent mathematical investigators. 
We must now continue to trace the fluctuations between the 
different Greek views of nature by considering extensions 
which have been added to the general theory of relativity, the 
theories of the finite universe and the unitary field theories. 

The difficulty with regard to the universe as a whole has 
changed recently fi-om one which involved keeping its parts 
together to one which involves making them run away from 
one another. At the time of Einstein’s original suggestion of a 
finite universe (1917) the problem was the former one, and may 
be stated as follows : taking the universe as a whole astron- 
omical evidence justifies the use of statistical mechanics, that 
is to say, the matter in it is spread more or less uniformly and 
the equipartition of energy also holds approximately,* and 
we may therefore treat it as though it were a gas. Now in such 
a system there was nothing, according to Newtonian mechanics, 
to prevent both bodies and radiation escaping into outer 
space. In fact, statistically the Newtonian universe could not 
exist.* It was to overcome this difficulty that Einstein sug- 
gested that the universe might be spatially finite. But if we 
examine Einstein’s original hypothesis of a cylindrical universe, 

* Tht Prineipk of RthUivity, Einstein and Others, p. 183 (Methnen). 

* T. H. Jeans, Nature, 18 ^ 691 (1928). 

* A. Einstein, Comotog^eal Comidirations on fh* Generai Theory of 
ReloHvify, loc, cit., p. 177. 
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itt. one with constant curvature in spatial dimensions, we notice 
that he has to add another tensor to his formula for the law of 
gravitation involving a constant A (the “ cosmological con- 
stant *'). Now, although Einstein up to this point had stood 
solidly for the physical theory of nature, repeating again and 
again that the gravitational potentials g^, which determine 
the structure of space-time, depend only on matter and the state 
of that matter, nevertheless, when he came to this additional 
term, he did not define it explicitly in physical terms, and 
admitted quite frankly that nothing in our knowledge of 

f avitation justifies it.* Thus, it can hardly be said that 
instein’s cylindrical universe is much better physically, with 
regard to this particular problem, than the Newtonian model. 

This temporary lapse on Einsten's part in failing to define 
gravitation in terms of matter was magnified unblushingly by 
de Sitter, who proposed a spherical universe (curved in time as 
well as space) which did not contain either matter or radiation I 
Thus de Sitter openly proposed a view of nature which was not 
founded on matter, and which was, in fact, a purely geometrical 
one. This was one of the first steps in the gradual abandon- 
ment of the physical theory for the mathematical theory of 
nature, carried further afterwards by Weyl and Eddington. 

By 1929 the evidence for the recession of the spiral nebulae 
(the most remote objects in the universe) had become much 
more impressive : it appeared as if, with a few exceptions, 
they were running away with velocities proportional to their 
distance from our galaxy. Consequently attention was with- 
drawn from static models of the universe and concentrated on 
expanding ones. Lemaitre was the first to examine the con- 
sequences of the hypothesis of an expanding universe,* and 
since then many others have been proposed.* It then became 
dear that there is no need in such a scheme for the cosmical 
constant X which was introduced ad hoc to keep the universe 
stable.* Einstein therefore proposes to drop it, since it never 
had a definite physical basis.* The point to notice here is that 
the hypothesis of an expanding universe has a definite physical 
meamng, since (if we interpret the red shift of the nebular 
spectral lines as due entirely to motion) there actually are 
enormous masses moving systematically away from our gmai^. 
In maintaining an expanding univCTse and dropping X, Ein- 
stein is still holding to a physical view of nature. On the other 

> A. Einstein, loc. cit. 

* Moaihty Notices R^.S„ BU 483 (1931)- 

* Cf. R. C. Tolman, “Models of the Physical Universe/’ Science, 75 , 368 
(* 93 a). 

* Actually Eddington showed that even with the X term Einstein s 
advene was unstable for small changes. 

* Bfaistehi and de Sitter, feoc. Nat, Acad., March 1932. 
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hand^ the statement that a set of mathematical relations 
(space-time) is expanding is meaningless on the phyncal theo^, 
‘ But we must remember that all these cosmological theories 
are highly speculative, and if the change over from the physical 
view of nature to the mathematical depended only on attempts 
to bring order into the universe on a large scale, we should 
not feel compelled to take it very seriously. It happens, 
however, that in recent attempts to explain the behaviour of 
atoms, the mathematical theory of nature has emerged again 
and in a very forcible manner. But before we pass to a considera- 
tion of the atomic theory we ought to notice briefly the nature 
of the unitary-field theories which have been proposed in order 
to account for electric and magnetic forces in addition to those 
of gravitation. 

It was clear that it would be a great simplification if a 
structure for space-time could be found which would determine 
a body’s motion under electromagnetic as well as gravitational 
forces. Attempts were made in this direction, the three most 
important unitary-field theories being those of Weyl, Eddington, 
and Einstein. Now in the general theory of relativity the 
metrical curvatime of space-time was variable (depending on 
the disposition of matter), and this meant that two rods could 
only be said to be parallel in any absolute sense, when they 
were infinitely close together. But in defining the curvature 
it was assumed that the length of the rod remained the same 
for finite displacements. This was described by saying that 
there was metrical but not gauge curvature. 

This suggested to Weyl that perhaps the other variables 
could be obtained by introducing gauge curvature as well, t.t. 
by assuming that equality of length only held for infinitesim^ 
displacements. This assumption gave him four extra variables, 
and when they were identified with the four electromagnetic 
potentials, the extra equations which he obtained turned out 
to be Maxwell’s equations. This, as Eddington sa3rs, was 
** unquestionably the greatest advance in the relativity theory 
after Einstein’s work.”* But, unfortunately, it gave pre- 
dictions which were not in accord with fact, and so a mstinction 
had to be drawn between the geometry of the theory and the 
geometry of nature.* This, however, did not prevent Edding- 
ton from going a step farther, and generalising Weyl’s gauge- 
curvature, by allowing for the fact that a rod may vary in 
length when rotated about a given one of its points as well as 
when transported over a finite distance. In this way he got a 
more complicated tensor requiring many more variables to be 

* A. S. Eddington, Mathematical Theory ofRekt/Hwly, p. 198 (Camb. Univ. 
Pnw). 

* A. S. Eddington, loc. cit, pp. 196 et $eq. 
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specified before the metrical curvature of a given space-time 
mame can be determined. Actual values for all these variables 
do not occur in the world of experience. In this way Eddington 
gets a lot* of spare material/' or “ lumber ” as he calls it, and 
we shall consider later the way in which this lumber drives him 
to a philosophy which will enable him to keep those portions 
which he wants, and discard others which have no counterpart 
in the real world. 

The important point to notice here is that Weyi’s theory 
is not, as Weyl ori^nally thought, on the same footing as the 
general theory of relativity ; it is not a physical theory, it is 
D^ly pure mathematics and partly physics. And further, 
Eddin^on's theory is admittedly a mathematical theory, 
depending on his notion of infinitesimal parallel displacement 
which “ has some significance in regard to the ultimate structure 
of the world — it does not matter much what significance." ^ 
Einstein, however, repudiated the methods of Weyl and 
Eddii^on,* and in 1928 he published his unitary-field theory, 
in which he obtained the extra potentials for electromagnetism 
by discovering that he had restricted himself unnecessarily in 
formerly assumii^ that measuring rods could only be said to be 
parallel when infinitely close to one another, and that it was 
possible to have distant parallelism within the four-dimensional 
metric of the general theory without its being Euclidean. In 
this way he obtained a unitary field theory which he claims to 
be a true physical theory and not a mere mathematical curi- 
osity,* although he admits that a physical basis was lacking, 
and he was guided only by mathematics and logic.* 

But, as we have remarked before, the research which has 
played the greatest part in favouring a change from the physical 
to the mathematical view of nature, is that which attempts 
to account for the behaviour of matter on the atomic scale. 
Here, as everyone now knows, a new philosophy of science and 
its method has been adopted, and so successful has this been 
that a number of prominent mathematical physicists now 
regard it as the only possible approach to the fundamental 
prop^ies of nature. 

The new method originated with the realisation that Bohr’s 
atonuc model on classical mechanical lines, in spite of the 
continual addition of arbitrary quantum restrictions, was 
totally inadequate to account for the behaviour of elements of 
high atomic number, and also for dispersion. This led Heisen- 
bei^ and Born to introduce a new way of attacking the problem : 

‘ A. S. Eddington, loo. cit., p. 213. 

* A. Einstein, Math. Annal, wit 99 (x927)* 

* Nat$tr0, 185, 897 (i93o)- 

* Naturt, 187, 8a6 {1931). 
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they made no attempt to concave of orbits within the atom, 
or of any mechanism whatever, but restricted themselves to the 
observable quantities only, viz. the frequencies of the spectral 
lines. Science must deal only virith measured quantities wd 
mathematical relations. The great success of this method with 
the help of matrix algebra (».«. a calculus of pure form) led to 
the belief that it was the fundamental way of investigating 
nature. Physical models and ideas were only snares and 
delusions. In other words, there was a return to the mathe- 
matical theory of nature. Dirac introduced still more general 
mathematical conceptions, from which the theory of matrices 
follows as a special case. 

With the wave-mechanics of de Broglie and Schrddinger , there 
appeared, at first sight, to be hope of a return to a physical 
theory of nature by conceiving of the electron as composed of 
^waves in some sort of medium. Unfortunately, in cases in 
which more than one electron was considered, it was found 
necessary to use more than three dimensions, and as there is 
no warrant for this in the physical world, it became clear that 
“ the square of the modulus of ” could not represent the 
electric density. Consequently, it has no meaning in a physical 
theory, and a mathematical meaning had to be found for it — 
it represents the “ probability ” of finding an electron at the 
point considered. But probability has a meaning only in the 
theory of knowledge ; it has none in the theoiy of nature. 
An attempt to give probability an absolute meaning in nature 
by denying causality has, however, attracted a great deal of 
attention recently. This has arisen through a particular 
interpretation of the principle of indeterminism. 

The principle of indeterminism states that it is impossible 
to determine accurately both the position and the momentum 
of an electron at a given instant.* Now, although the principle 
was brought to the front by the adoption of wave-mechamcs 
(it would be fairer to call it wave-mathematics), nevertheless it 
has a definite physical meaning, and that is what gives it 
importance, an importance, however, which is estimated differ- 
ently by different writers.* We have already seen that the 
philosophy of the new physics is to deny the existence of any- 
thing that cannot be given in an experimental determination, 
l^s is sometimes likened to the procedure in the theory of 

* This is here stated in terms of electrons and motion. i.e. in accord with 
the physical view, but this is not necessary, as it can be stated in terms of 
probatwty. 

* CL V, A, Lindemann, The Physical Significance of the Quantmn Theory, 
Oxford, 1931. H. Dingle, Science and Human Experience, WiUiams A Norgate, 
Z03X. Id. nanck. The Universe in the Light of Modem Physics, Allen ft Unwin, 
1931. A. Einstein, "Letter to Sir Herbert Samnd," residential Address 
to British Institute of Philosophy, Kegan Paul, 193s. 
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relativity. There is, however, a very fundamental difference. 
It vras theoretieaUy possible to determine velocity absolutely 
with respect to the eth^, and when nature appeared to prevent 
this again and again, i.e. it was impossible poetically, it was 
undoubtedly excellent scientific procedure to suppose that we 
were looking for something which did not exist, and therefore 
to chani^ the theory. But in the case of the principle of 
indeterminism things are quite different. It was theoretically 
impossible (as well as practically) to determine accurately the 

P osition and momentum of an electron at the same instant. 

here is nothing mystical about this — it follows from the fact 
that radiation has momentum. Consequently there is no par- 
ticular reason to change the theory so completely as to say that 
when we talk of the position and momentum of an electron, 
we are talking of something which does not exist. We cannot 
say that because this practical determination is impossible, 
therefore the theo^ must be wrong, when the theo^ itself 
denies the possibility of accurate practical determination. It 
is only those who hold that only things which can be observed 
in a physical experiment have any meaning, who can put this 
interpretation on the principle of indeterminism, and infer that 
there is a basic uncertainty in nature, and hence proceed to deny 
causality. It was therefore the greatest absurdity for Heisen- 
berg, who held this view, to describe the principle in terms of 
electrons and motion, since electrons are never given directly in 
a physical experiment. In fact, Heisenberg has now abandoned 
this philosophy, and admits that the observational verification 
of every scientific concept is an impossible ideal.* 

We see, then, that the whole tendency of modern theoretical 
physics is in the direction of a mathematical theory of nature. 
All ideas of physical representation have to be renounced, and 
all that we can do is to fit numerical enervations into s3rstems 
of mathematical relations, which are merely suggested by the 
observations and do not follow from logical necessity. 

It will be noticed that so far we have not had occasion to 
refer to any form of the functional theory of nature. A modern 
form of this theory does, however, exist, and is advocated very 
powerfully by Prof. A. N. Whitehead. As far as physics is 
concerned this theo^ does lead to a theory of relativity, but 
it is not the same as Einstein’s, and we shall not attempt to con- 
sider it here. 

In ordor to see the mathematical investigation of nature in 
opmtion, and to get some idea of its drawbacks, and of the 
philosophy to which it leads, we cannot do better than atteimpt 
to follow the activities of one who is, perhaps, its greatest 

' W. Hoisenberg. The Physical Primeiples of Quaniim Theory, Univ. of 
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es^nent, Sir Arthur Eddington. Not only are his expositions 
of greater lucidity and precision than those of other writm, 
but they also face the philosophical implications more frankly. 
As we have already seen, Eddington’s exposition of the theory 
of relativity is one which involves the mathematical theory ; 
space-time and its curvature are undoubtedly primary and 
matter only secondary, and further, we saw that his initial 
mathematical assumptions are of a very general nature. 
Consequently, of the prominent relativists, it was he who was in 
the best position to enter the new symbolic physics and to link 
up the equations of macroscopic physics — ^the cosmological 
theories — ^with the equations of the microscopic sphere — 
electrons and protons. This he has recently succeeded in doing 
in a most brilliant and startling manner. 

Since Eddington believes in the primacy of space-time 
which is a construction of pure form — a set of mathematical 
relations — it follows that when he uses the deductive method, 
and starts '* world-building,” it is with mathematical symbols 
that he starts — relations and relata : ” Therelata are the meet- 
ing points of the relations.”^ Then making his assumption 
about the comparability of infinitesimal displacements, which 
we have already noticed, he finds that the most general structure 
of a four-dimensional space-time requires 256 numbers for its 
definition. However, most of these give the same result, and 
finally only 40 are left, but still there are far too many, for 
in a unitary field theory only 16 coefficients of curva- 
ture are required, 10 to represent the curvature due to 
gravitation, and 6 to represent that due to electric and magnetic 
forces. The only thing that Eddington can do, therefore, is 
to discard the other 26 coefficients. These he calls ” lumber." 
But those who hold the mathematical theory of nature, that 
is to say, those who believe that what is real in nature is 
pad'ect forms and mathematical relations {e.g., space-time), are 
bound to face the problem of why all the relations and forms 
that can be known by reason are not found in the actual 
world of experience. This can only be done by falling back on 
the conscious mind, and saying that the mind chooses to " actu- 
sdise " some of them and not others. " Not once in the dim 
past, but continuously by the conscious mind is the miracle 
of the creation wrought.” » 

Thus the phenomenal world is made to depend upon the 
mind and nature is said to be only known to reason. This 
inevitably leads to mysticism and a decline in interest in crude 
experiment carried out by means of the senses. As Eddngton 

* A. S. Eddington, The Nature of the Physical TTor/i, p. 230 (Camb. Univ. 
Pmm. 1938)* 

* A. S. Eddington, too. cit, p. 241. 
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himsdf lays : " In one sense deductive theory is the enemy of 
experimental physics.”^ The history of science from Plato 
to the Middle Ages is a logical sequence. At any rate, it must 
surely be a fine point in epistemology to decide which is the 
more objectionable — ^to account for nature by a physical 
theory with arbitrary quantum restrictions invented ad hoc, or 
to use the mathematical theory with copious arbitrary ^s> 
cardings (or “ lumber ”) equally ad hoc. However that may 
be, there is no doubt that at the moment the mathematical 
approach to nature is bearing fruit with extreme abundance, 
though it has the drawback that its fruits are very perishable 
and only the mind can tell which are edible. 

Eddington enters the atomic field by arguments of the 
following kind.* Electric charge only manifests itself when 
we have two or more electrons. The interaction of two elec- 
trons is a consequence of their charge. Consequently, if we have 
any relation >^ch defines their interaction, it ought also to 
define the charge e as well. By the use of the Exclusion 
Principle, which defines the interaction of two electrons, and 
extending the principle of relativity to include the case of 

change of identity as well as change of axes, he gets to 

be 137, where h is Planck’s constant and c is the velocity of 
light. The experimental value is 137*1. 

Again,* Eddington’s particular interpretation of the law 
of gravitation and, in particular, of A the cosmical constant, 
enables him to say that, in the wave equation of the hydrogen 
atom, which determines the linear “ spread ” of the charge, 
this linear spread must be related to the radius of curvature of 
the spherical world at the given place and in the given direction. 
He searches, therefore, for a term in the equation which is likely 
to contain R, the world radius. With a few very plausible 
assumptions he succeeds in getting not only R but the square 
root of the total number of electrons in the universe as well. 
What is more convincing, however, is that he can calculate the 
rate of recession of the spiral nebulae, and this result turns out 
to be within lo per cent, of the observed value — a truly re- 
markable achievement. It is a great misfortune that it is only 
if one holds the mathematical theo^ of nattire that one can 
accord significance to these brilliant researches. On the 
physical theory it is very difficult to see what meaning they 
can have, unless, perhaps, we invoke something in the nature of 
Northrop’s " macroscopic atom.” At any rate there are several 

* A. S. Eddington, Mu t Juma He a l Theory of SslativUy, p. 338. 

* a. A. S. Eddington, Troe. Soe. Roy.. A, UK, 358 (1929). 

* Pwiiddntisl Addnia to the Physical Socie^, Proe. Phys. Soc., 4 i, 1 
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su^pestive analogies : for instance, Northrop maintdns on 
logical grounds that there is no meaning in atomicity and 
motion exrapt with reference to the encircling “ atom *’ ; 
Eddington insists on logical grounds that there is no meaning 
for measurement unless it is with respect to the world radius R.* 
i^ain, Northrop says that the quantum restrictions to the 
electronic orbits are due to the interaction of the fields of the 
microscopic particles and the field of the macroscopic atom ; 
Eddington, speaking of the hydrogen atom, says : “ The wave 
equation must say just as much about the radius of the world 
as it says about the spread of the constituents of the atom." • 
Further, Northrop points out that there will be a constant in 
nature connected with the radius of the macroscopic atom and 
the total number of particles within it : Eddington likewise 
calculates the ratio of the square root of the number of electrons 
to the radius of the universe, and gets 

VN wc* 

R “ 

where m is the mass of the electron. 

Such analogies may not be as suggestive as they appear, 
but those who still hold the physical view of nature ^e bound 
to attempt, sooner or later, to account for these results in 
physical terms. Eddington, for instance, talks of the " ex- 
pansive force " which makes the universe expand, even in the 
face of gravitational attraction which tends to make it contract. 
Is it a new force ? There is no answer physically. It is con- 
nected with the term, which, as we saw, never had any 
physical justification. But it is essential to Eddington’s 
position, and consequently when Einstein proposes to drop it 
altogether, he can only regard it as " an incredibly retrograde 
proposal.” • 

So finally, if we are asked to sketch the present position of 
physics, we should have to do it somewhat as follows : At the 
entrance to a cave, in the face of a cliff of solid rock, stands 
Einstein. He complains somewhat sadly that nowadays he 
is looked upon as just a little crazy * for sticking to the rugged 
cave when he might enjoy the comforts of a more modem 
home in the plain below. He seems undecided whether to leave 
for good or not. 

Inside the cave. Sir J. J. Thomson, surrounded by tubes of 
force, is busily engaged in a little simple cooking. Farther in 
still, a rough, and sometimes violent, game of billiards is in 

* A. S. Eddington, I^widential Address to the Physical Society, loc. dt. 

* Ibid. 

* Loc. dt 

* Lecture at Nottingham, Nature, 18 B, 697 (1930). 
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{srogTOM : it is Lord Rutherford and his satellites ; they are 
playing a new game on a very old table. Every now and then 
they succeed in splitting one of the balls completely and several 
others show signs of cracking. Someone thinks he has found a 
new kind of ball which is not red or white like the others, but 
the light is rather poor, and it is difficult to judge colours well 
enough to be quite sure. 

Outside, down in the plain, in the sunshine and the dust, 
a vast new building enterprise is at work. It is the Mathemati- 
cal and Symbolical Development Company. Its directors 
despise the simplicity and austerities of cave life ; for they 
believe that they can make more comfortable dwellings by the 
adoption of a new method. This involves seizing almost any- 
thingthey can lay their hands on — ^the most unlikely things, in fact 
— ^and then starting an orgy of construction. The result is that 
a great many of the things they build don’t look like houses at 
all : some have no walls ; some have no roofs ; some are in- 
side out ; some fall down before they are finished. But they 
do not mind so long as, every now and then, they achieve 
something which can reasonably be said to look like a house. 

Let us descend into the plain and examine the new estate 
more closely. We must not be surprised if, at first, we feel 
the architecture to be somewhat bizarre, for we have always 
had a predilection for symmetry, but these new builders 
declare that nature is really antisymmetrical. 

The first estate we come to belongs to one of the biggest 
and most efficient contractors — Sir Arthur Eddington. Let us 
talk to him over the wall. He is busy contracting now, he says, 
and adding relata to relata and cementing them by means of 
relations. He cannot think of anything simpler than that. 
In the background a group of workmen are engaged in raising 
and lowering suffices. He admits that there is an occasion^ 
Mtch in the construction, and that in some of the houses there 
is great difficulty in getting upstairs, as he hasn’t found a reliable 
way of making staircases yet, but he hopes to remedy this in 
time. Apart from minor defects of this sort, it must be 
admitted that his houses have a charm of their own and many 
are of very great elegance. Unfortunately, it is very hard to 
view them r«dly well, as they are surrounded by great mounds 
of rubbish and odds and ends — “ lumber,” he calls it. If we 
ask him why he lets them accumulate like this, he replies : 
“The thingfs which we might have built, but did not, are 
there just as much as those we did build.” * It seems rather 
a drawback to the method of construction : however, he tells 
us that this is the 136th house he has built, and he can go on 
for some time before he exhausts all the possibilities. 

> The Nettm of the Phytieet World, p. 241. 
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In the shade of one of the larger buildings a youi^; man 
named Dirac is juggling with some symbols, but ^ ideas are 
even more pecuUar than those of the others ; it is very hard 
to say what he is doing, and there is some doubt whether he 
knows himself. Anyway, the buildings he has erected bear a 
close resemblance to others on a neighbouring estate built on 
a less obscure plan. 

As we move across to examine these others. Sir Arthur 
Eddington shouts after us ; he is sorry ; it was not house No. 
136 that he was building, it was No. 137. In counting, he had 
overlooked one which had been hidden by piles of lumber ! 

Looking at the houses on the next estate, that of Schrddinger 
and de Broglie, we see what appear to be rows of army huts 
made of corrugated iron, but closer inspection shows that 
although there is something corresponding to the corrugations 
there is nothing corresponding to the iron. On asking a workman 
what the material is, we are told that it is just waves of proba- 
biliw. 

On the next plot the buildings of yet another firm of archi- 
tects are rising up. The architects are Heisenberg, Born, and 
Jordan. They seem to favour something like ferro-concrete ; 
at any rate, there are large rectangular grids lying about, 
which they call matrices. Unfortunately, in order to build 
really reliable houses, these matrices have to be infinite, which 
would seem something of an obstacle in a finite estate. We 
cannot see the workmen at work, as they are protected by large 
hoardings. This is because Heisenberg has realised that if you 
inspect a process too closely you alter it, and he is not running 
any risks. 

As we turn back towards the cave which still seems to be 
our safest home, a loud explosion rends the air. No one takes 
mudi notice : this happens every few months, they say. It is 
probably a row of houses on the new estate collapsing ; or per- 
haps Lord Rutherford has split another billiard ball ; or could 
it— could it be that Sir J. J. Thomson has overstrained a tube 
of force ? 
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We are all familiar with the story of the Tower of Babel, one 
of the strangest and most dramatic of the Old Testament. 
The peoples of the earth, having, at that time, a single universal 
language, and constituting apparently a single nation, arrive, 
under the leadership of the heroic Nimrod, on the fertile plains 
of Shinar. There they determine to erect a central dty, and 
a colossal tower, worthy of a world-metropolis, and reaching 
even as far as heaven. Whether the motive of this grandiose 
project was merely, as the text says, to make a name for 
themselves, as in the case of the transatlantic sky-scrapm, 
or whether it was the ambition of the leaders to establish a 
colony in the Utopian region beyond the clouds, is not made 
altogether dear, for the Deity, we are told, put a stop to the 
entire project by confounding the language of the builders, so 
that they could no longer understand each other. 

A common metaphor represents the laboiu^ of men of 
fldence as the construction of a gigantic edifice, upon the wings 
and annexes of which workers in different branches of natural 
knowledge are engaged. The various methods and techniques 
in which we have been trained correspond to the crafts of 
the different dasses of artisans, the stone-cutters, masons, 
plasterers, sculptors, and painters, whose co-operation is needed 
to produce a fimshed and habitable building. The contempla- 
tion of this similitude, of the savants of all nations proving, 
by their example, that man is capable of something better, 
and more fruitful, than the pursuit of international livalries, 
CNT mutually destructive contests, whether by economic or by 
nuUtary methods, has certainly in it something both elevating 
and encouraging. Yet the old story of the Tower of Babel, 
itself a noble, though doubtless a presumptuous and misp;uided, 
enterprise, bears a sufiident resemblance to the edifice of 
sdenoe for it to contain, perhaps, some hints to guide us in our 
own endeavours. 
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We are not told exactly in what manner the confusion of 
tongues originated ; whether by a sudden and miraculous 
transmutation in the word-centre of each individual, he began 
forthwith and, all unconscious of the change, to express his 
ideas in a babbling jargon, meaningless to his fellows ; or 
whether, as the work progressed, groups of workers so con- 
centrated their attention upon special parts of the building, 
and on the particular technical problems of their crafts, that 
they gradually came to use words unintelligible outside their 
own little circle ; or, still worse, to use the old words with 
meanings quite unknown to the workers on the floor above, 
until their old common language had been lost irrevocably. 

Enterprising men, especially kings, have from time to 
time endeavoured to ascertain experimentally what was the 
primitive tongue spoken in the infancy of mankind, before 
mversity of language had arisen. James IV of Scotland, for 
example, had two children reared by a dumb foster-mother, 
in solitude, on the island of Inchkeith. When old enough, 
it is said that they gave tongue in excellent Hebrew. Against 
this encouraging result we must, however, set the definitely 
negative conclusion of a much more thoroughly replicated 
experiment by the Mogul Emperor, Akbar Khan. In this 
case thirty “ parallels ” were employed, who, on growing up, 
since they spoke no particular language, confirmed the sceptical 
Emperor in his adhesion to no particular religion. 

If we were to ask, on the other hand, what universal language 
could enable men of science to understand each other suffiaently 
well for effective co-operation, I submit that there can be only 
one answer. If we could select a group of men of science, 
completely purge their minds of ml knowledge of language, 
and allow them time to develop the means of conveying to one 
another their scientific ideas, I have no doubt whatever that 
the only successful medium they could devise would be that 
ancient system of logic and deductive reasoning first perfected 
by the Greeks, and which we know as Mathematics. Deductive 
and inductive reasoning, to change the metaphor, are the 
means by which alone we can ascertain whether or not a new 
slab of observational fact will fit into its place in our edifice ; 
and the mathematical expression of such reasoning is the only 
effective cement which we possess, by which such new facts 
can ^ held fast as parts of a coherent structure. 

I do not at all anticipate that this view will be readily 
conceded. It is <^uite contrary to the prevalent opinion, for 
which mathematiaans themselves are largely responsible, that 
mathematics is the most spedalised and isolated of scientific 
stupes. It is contrary, too, to that scheme of classification of 
the sciences, which, I believe, originated with the philosopher 
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Compte, in M^ch we ascend a kind of hierarchy from mathe- 
matics, the simplest and most fundamental, tluough physics 
and chemist^, to the biological sciences ; and thence, with 
increasing dignity and importance, to psychology, and to the 
Queen of the Sciences, sociology. Although votaries of the 
natural sciences generally would doubtless repudiate this 
particular monarch, this arrangement appears to have been 
really influential in the organisation of our universities, and of 
our scientific societies. It is familiarly incorporated in that 
aphorism which defines chemistry as " the messier part of 
physics — and the cleaner parts of biology " ; it was doubtless 
responsible for the fact that when the publications of the 
Royal Society of London were divided into two concurrent 
series, A and B, mathematics should have been without question 
induded with the non-biological, and exduded from the 
biological group of sciences. 

Such a division is logically indefensible. What is more 
important is that it is becoming inconvenient. Mathematics 
has been described as the subject in which we never know 
what we are talking about, nor whether what we say is true, 
and the description, though something of an over-statement, 
has the merit of emphasising the important fact that it is the 
method of reasoning, and not the subject-matter, that is 
distinctive of mathematical thought. A mathematidan, if he 
is of any use, is of use as an expert in the process of reasoning, 
by which we pass from a theory to its logical consequences, 
or from an observation to the inferences which must be drawn 
from it. Speaking thirty years ago, it would have been proper 
to speak 01 mathematics as providing the technique only of 
deductive reasoning. Such a limitation would no longer be 
appropriate at the present time ; for, owing primarily to the 
work of " Student,” mathematically exact inferences can now 
be drawn from the sample to the population — ^from the par- 
ticular to the general — ^in an important and increasing class 
of cases. I refer to the Tests of Significance. The importance 
of this advance, for human thought in general, is, I believe, 
roughly equivalent to that of the first mathematically exact 
use of deductive reasoning, by the Greek geometers of the 
generation of Eudid. It is not my purpose now to enter into 
the lineal revolution effected by ” Student’s ” work ; but it 
has this immediate bearing on our subject, that, whereas the 
points in which the physidst requires mathematical aid lie 
du;efly in the deduction from a theory of its logical cons^uences, 
the biologist most frequently needs assistance in the inductive 
^tioeis by which general theoretical condusions are drawn 
from bodies of observational data. 

How greatly this has become a practical need, in all fields 
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in which biological work is being put upon a quantitat|yn 
basisi will not easily be realised without pmonal contact vrath 
the scientific workers, agronomists, entomologists, botanists, 
mneticists, marine zoologists, and mai^ others, firom Europe, 
^a, Africa, and America, who, in the mst five or ten years of 
their research experience, discover that their really urgent 
practical problems are essentially statistical ; and who, if th^ 
are fortunate enough to have the opportunity, apply to attatm 
themselves as voluntary workers to a statistical reses^ch 
laboratory, such as the department for which I am responsible 
at Rothamsted. Diverse as the qualifications of these workers 
are, they all have this in common — that while they are of a 
generally high intellectual capacity, they have received, in 
their university training, no preparation whatever for the 
statistical problems which are bound to confront them, as soon 
as they come into real touch with the questions they are set 
to investigate. 

That is one criticism of the unnatural separation of 
mathematics from biology, with which I am brought personally 
into daily contact. What I want to discuss more particularly 
this evening is an historical example, by which we can judge 
of the effects of this separation, not on the work of any one 
individual, but on the course of development of a whole science. 
I propose to illustrate the general theme of the function of 
mathematical contacts with the sciences by reference to a 
little Babel of misunderstandings which has occupied, for a 
generation or two, the principal court of that part of the 
e^fice of Science in which the biologists are at work. 

Faraday and Darwin were alike in possessing transcendent 
powers in scientific reasoning and experimentation. By some 
chance of character or upbringing they were both devoid of 
any command of mathematical symbolism. The one devoted 
his life to physical and chemical, the other to geological and 
txological, researches. There is the basis, one might say, of a 
well-controlled experiment. For Faraday's discoveries were 
early taken up by mathematicians, especially by Maxwell, and 
bi^t into a coherent electro-magnetic theo^, so fomly and 
compactly that almpst alone of the oldo* physics it has survived 
the revolution caus^ by quantum theory and wave-mechanics. 
Meanwhile, accident contributed to delay the application of 
mathematical ideas to Darwin’s theory of Natural Selection. 
^Kliile the Origin of Species was being written, the Austrian 
monk and mathematician, Gregor Mendel, must have b^ 
already conducting his experiments ; and six years later was 
able to demonstrate, in the garden pea, those statistical laws 
of inheritance which have since been verified throughout the 
animal and vegetable kingdoms. His work was fully publUl^ 
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In a not very obscure journal, but was ignored and foi|7>tten 
for thirt;^-five years. Presumably, it was not the kmd of 
work which the German-speakii^ biologists of the time were 
prepared to appreciate. 

If the neglect of Mendel's work for a whole generation forms 
a striking illustration of my theme, the immediate reactions 
of its rediscovery in 1900 illustrate my point even more 
remarkably. For two of the most prominent exponents of 
the importance of the new knowledge, Prof. Bateson in 
&igland, and Prof, de Vries in Holland, had already, in 
the nineties of the last century, made themselves notable 
advocates of the theory of discontinuous evolution of specific 
forms — ^the theory of evolution per salium, as opposed to the 
gradual process of selective modification proposed by Darwin. 
They, tWefore, seized upon the discontinuous hereditary 
factors demonstrated by Mendel's work, as though these had 
been specific differences, instead of differences, generally, 
between close varieties ; whereas, as we now Imow, forms 
which are ranked by systematists as specifically distinct, 
differ, as a rule, not in one, but in a large assemblage of 
Mendelian factors. 

The discovery of an essential fact unknown to Darwin 
ought, naturally and properly, to have formed the basis of a 
criticism and revaluation of Darwin's theories. The particular 
use to which it was put, however, showed that neither the 
logical consequences of the Mendelian laws, nor the logical 
place in Darwin’s reasoning of the erroneous ” blending ” 
theory of inheritance, were appreciated by the most prominent 
writers in the early history of Mendelism. 

A rather careful examination of Darwin’s writings, and 
especially of the reasoning in his two unpublished essays, in 
which he first developed his views, is needed to discover exactly 
to what extent, and in what ways, the theory of blending 
inheritance, which he accepted, influenced his deductions. 
The principle of Natural Selection itself is wholly unaffected. 
If a population exhibiting heritable variability experiences 
(Ufferential rates of mortality, or of reproduction, its average 
character will on any view be gradually changed. The urgent 
question which assailed Darwin’s early thought was whether 
natural populations could be assumed to contain an abundant 
supply of heritable variability, and this, on a blending theory 
of inheritance, is really an urgent question. For by the 
continual blending of the characters of different parents all 
variabilit>^ must be rapidly annulled. Speaking mathematically, 
the quantity of variability, or “ variance,” as we call it, will, 
iipproximately, be halved in each generation, and this carries 
with it two important consequences : 
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(i) That causes of new variability, or " mutations/* as we 
should now say, must be exceedingly abundant (they must 
account, for example, for all heritable differences between 
whole brothers, for their entire ancestry is identical). And, 

(ii) That practically all the heritable variance available 
for selection to work on must be of extremely recent origin, 
ascribable to mutations occurring within about the last ten 
generations. 

Darwin rested his theory on the demonstrated fact that 
domesticated animals and plants certainly possess sufficient 
heritable variability to be modified perceptibly by the human 
teeeder ; but his theory was harassed by the possibility that 
such heritable variability might be absent or rare in wild species, 
being due to quite recent mutations, induced, in domesticated 
species, by the conditions of domestication themselves. Hence 
his elaWate attempt to ascertain by inductive reasoning what 
are the circumstances of domestication which induce abundant 
mutation, and, judging these to be changed conditions and 
increased food supply, his inference that these circumstances 
must also act, though much less intensely, upon species in a 
state of nature. Darwin’s difficulty in this respect is entirely 
removed when we replace the blending theory by the particulate 
theory of Mendel. On the particulate theory there is no 
possibility of the variance dying away rapidly. The existing 
variance is due not principally to recent mutations, but to 
mutations which have occurred during thousands or tens of 
thousands of past generations. The greater variability of 
domesticated species is evidence, not of a higher mutation rate 
under domestication, but only of man's prodivity for selecting 
and propagating novelties, and for the survival, under the 
shelter of a domesticated environment, of types which could not 
survive in the wild state. 

The second inference from the blending theory, by which 
speculations were embarrassed, lay in what we should now call 
the enormous mutatiomrates which it requires should be 
postulated. Darwin had no objection to these high mutation- 
rates, for no experimental data as to the actual rates of mutation 
then existed ; but he recognised that in a system in wffich 
almost every individual born was a mutant and even a multi- 
ple mutant, the environmental drcumstances by which 
mutations might be expected to be controlled, or at least 
influenced, might themselves possibly be powerful agents of 
evolutionary ^ange. He was therefore extremely ready to 
believe in “ the direct effects of environment,” although, by 
the study of the adaptive mechanisms of animals and plants, 
he was continually being bro^ht back to the condusion that 
such ffirect effects in fact achieve extremely little. 
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Now ell pos$ible theories of evolution fall, in this matter, 
into two classes. In the one class is Natural Selection, the 
efiScacy of which is proportional merely to the actual amount 
of heritable variance maintained in the population, and is 
totallj^ unaffected by whether that hentable variance is 
supplied by a mighty flood of mutations, which are alwa^ 
rapidly wasting away, or by a feeble trickle of mutations, the 
variability due to which is jealously conserved. In the other 
class fall all theories of evolution in which the direction of 
evolution is itself supposed to be governed by the direction 
in which mutations are occurring. Thus the Lamarckian 
theory postulates not merely that a mechanism exists by which 
use-modifications are able to induce mutations in the germ-cells, 
but requires the further postulate, that the mutations so 
induced are capable actually of controlling the evolutionary 
changes in progress in the organism. The case for and against 
has been invariably discussed in reference only to the first 
postulate. The second postulate has not, until recently, 
seriously been challenged ; but it is the more important of the 
two, for it is equally necessary to all such other theories as 
" Orthogenesis ” and " Nomogenesis,” by which it has been 
hoped to account for evolutionary modification. Now it is 
this second postulate, that evolutionary modification can be 
governed by the kind of mutations which are occurring, that 
IS challenged by the particulate theory of inheritance. When 
we reject the blending theory and accept Mendelism we thereby 
cut down the supply of mutations by at least ten thousand 
fold. And calculation shows that they are no longer able to 
avail against even the faintest adverse selection. 

That is the quantitative aspect ; and it is fully in accordance 
with our deductions so far, that even the largest mutation- 
rates, determined experimentally, seldom exceed i in a million 
in each generation. But it is the qualitative aspect which will 
appeal most to biologists, because it allows the greatest scope 
for observational verification. If, as so many theories have 
assumed, evolutionary change is governed by the occurrence 
of mutations, whatever may be the mechanism (Lamarckism, 
Orthogenesis, etc.), by which it is supposed that such muta- 
tions are induced, it follows that the mutations must, generally 
speaking, cause changes of the same kind as those which have 
occurred in the course of evolution ; changes, that is, towards 
greater complexity of organisation, and more perfect adapt- 
ation to the conditions of life, and to the ecological relations 
with other organisms. The breeze of mutations by which 
evolution is supposed to be wafted forward must not only 
be sufficiently powerful, but must be very prevalently in a 
fovourable curection. Again, the experimental evidence is 
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decisively against such a view. Some two or three hundred 
mutations have been studied in the jEruit fly Drosophila, and of 
these not one can be said to be advantageous, while the great 
majority are patent defects and deformities. In addition to 
these, however, the most numerous class of all are actually 
lethal, the mutant form being totally incapable of development, 
and perishing, either in the egg, or at an early larval stage. 
That the vast majority of mutations should be deleterious is 
a perfectly natural consequence from the view that the organ- 
ism is maintained in a highly adapted condition by natural 
selection, for a highly adapted condition can mean nothing 
dse than one which is more easily injured than improved by 
a change in its organisation. But the observation is in- 
compatible with the view that evolutionary change is governed 
by mutations, unless we are willing to believe that those 
organisms so far studied have almost run their evolutionary 
course, and are rapidly plunging towards degeneration and 
extinction. 

From considering the two views which have been held upon 
the nature of inheritance, we have been led to divide theories 
of evolutionary modification into two classes, contrasted, and 
sharply contrasted, in one single characteristic. On the one 
hand the great majority of evolutionary speculations have 
rested on the unformulated assumption that it would be 
sufficient, to explain any particular evolutionary change, if 
we could explain why mutations in that organism had occurred 
in a particular direction. The fallacy is the common one 
of assuming that the truth of a proposition implies the truth 
of its converse. The extinct reptile Diplodocus, for example, 
evolved a neck some 20 or 30 feet long. It can, I think, 
reasonably be inferred from this, that in the course of its evolu- 
tion a succession of mutations must have occurred, the effect 
of which was, amongst other things, to lengthen the neck. 
These mutations are necessary, but they are not sufficient to 
explain the particular evolutioiu^ modification which has 
taken place. What cannot be inferred is that, given the 
occurrence of such mutations, the lengthening of the neck 
must follow. Had this converse proposition ever been ex- 
pUdtly stated, and challenged, it would have been evident 
that no solid grounds could have been put forward in its 
support, and that numerous facts well established in other 
organisms rendered it totally untenable. If we knew, for 
example, that mutations len^hening the neck were occurring 
now in the crocodile, we should have no reason to think that 
the average length of neck was increasing in that species. 

But it is as well here to emphasise the limitations of our 
knowledge. Mutations occur so scantily that it is only possible 
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to study them in organisms in whi^ enormous numbers can be 
bred and examined. The conclusions I have mentioned from 
the genetical work on the fruit flies are based on the examination 
of between 20 and 30 million specimens, and it is obvious that, 
though our direct knowledge of mutations will doubtless become 
more detmled, and more exact, we cannot hope that it will 
ever become, biologically speaking, extensive. Biologists, too, 
have every reason to be cautious of extending conclusions from 
one group of organisms to another ; and, if we are to accept 
the view that evolution, in the hundreds of thousands of 
plants and animals which have evolved, has made its way 
in the face of a blizzard of predominantly unfavourable muta- 
tions, containing only a small minority of those that are 
favourable ; if, 1 say, this is the prevalent condition of 
evolutionary change, we may well ask whether it has not left 
unmistakable traces throughout the length and breadth of 
the animal and vegetable kingdoms. I believe this reasonable 
challenge can be met ; at least, if we accept certain recent 
interpretations of genetical phenomena, which appear at present 
to have substantial observational support, but which will 
probably be more exactly scrutinised in the near future. 

There is, widely observable both in plants and animals, 
a remarkable tendency to exogamy, which Darwin summarised 
in the phrase that Nature abhors perpetual self-fertilisation. 
Among animals, especially those which move freely about, the 
separation of the sexes is the general rule, and, even where 
they are hermaphrodite, we generally find either that pairing 
is obligatory, or that cross-fertilisation is favoured by special 
devices. In the vegetable kingdom, the importance of cross- 
fertilisation seems to be the dominating factor in the evolution 
of the whole group of flowering plants, and to have reacted 
in a most important way on the evolution of the higher orders 
of insects. Not content, however, with obtaining facultative 
cross-fertilisation in this way, numerous additional adaptations 
are found, which, in certain groups, render it almost or quite 
compulsory, such are the separation of the male and fen^e 
ixdlorescences on the same plant, as in maize, the separation 
of the sexes in different plants in the hop, the development of 
self-sterility in the tobacco plants, and that curious form of 
self-sterility known as hetero-stylism, which in the primroses and 
other genera divides the species into two or three castes^ or 
genders, all hermaphrodite, crosses between which are required 
tor normal fertility. In animals, the separation of the sexes 
seems to have been sufficient in most species ; yet we cannot 
llil to associate with the same series of phenomena that 
dread, which seexns to be widely felt in mankind, of the marriage 
of near Idn ; and, some years ago. Dr. Metz of Baltimore found 
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in the genus of fungta gnats, Sciara, an intricate genetical 
mechanism, which distinguishes the females into two classes, 
male-producers and female-producers, respectively. More 
recently, Dr. Barnes has shown that the production of uni- 
sexual families is widespread in the large family Cecidomyidse 
(gall midges), and, as these species are exceedingly short-lived, 
and mate immediately upon emergence, we may see in this 
complex mechanism an adaptation to prevent the constant 
mating of brothers and sisters, which, pupating in close prox- 
imity, would otherwise very frequently interbreed. 

Darwin was led by phenomena of this kind, and by the 
strong suspicion of the danger of inbreeding entertained by 
live-stock breeders, to demonstrate experimentally, with a 
number of species of plants, that the offspring obtained by 
self-fertilisation were, on the average, less vigorous in their 
growth than the offspring obtained by cross-fertilising the 
same parent plants. Naturally much speculation was provoked 
as to the reasons for which cross-fertilisation stimulated, or 
self-fertilisation impaired, vigour ; and it was for long widely 
believed that a mere difference in the genetic elements combined 
exerted some generally beneficial and stimulating influence. 
More recent work has carried the matter a good deal farther, 
and has given a much clearer conception both of the facts and 
of their causes. The facts cannot be better exemplified than 
by the extensive researches which have been carried out by 
American geneticists on maize. 

When a maize plant is self-fertilised, and its progeny 
continued in a number of self-fertilised lines for several genera- 
tions, the deterioration in yield and in the vigour of vegetative 
growth is striking ; and perhaps even more surprising is the 
complete recovery to the full ancestral vigour, obtained, in a 
single generation, by crossing two of these stunted lines. That 
alone shows that the racial stock has not been injured. More- 
over, a study of the different lines shows that while all are 
usually inferior in some respect or other to the average 
commercial maize plant, the defects of different lines are 
strikingly distinct and individual. Moreover, the experiment 
of self-fertilisation can scarcely be carried out without revef^ng, 
in one or more of the lines, a distinct segregation of shurpty 
marked defects, such as failure to develop the green pinnent, 
chlorophyll, of the leaves. These defects are readily demon- 
strated to be simple Mendelian recessives. The conclusion is 
forced upon the Investigator’s mind that innumerable other 
recessives of the same kind, but indistinguishable by reason of 
the similarity of their effects, are responsible for the general 
lack of vigour by which all the inbred lines, though in very 
different degree, are characterised. This e:i^lanation imme- 
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diately makes sense of the fact that, in other plants, such as 
wheat, self-fertilisation may be continued generation after 

E eneration without ill-effects ; or that close inbreeding of 
rother and sister may be continued, apparently indefinitely, 
as has been done in certain lines of rats ; or that even in species 
intolerant of inbreeding, such as guinea-pigs, lines may, with 
sufficient trouble, be found in which inbreeding may be 
carried on generation after generation without loss of health 
or vigour. It is the habitual cross-pollination of the maize 
plant, when grown commercially for seed, that has permitted 
the accumulation of the great swarm of defects which are 
revealed by self-fertilisation. In species commonly self- 
fertilised such recessives would be quickly eliminated, and the 
habitual procedure in scientific maize improvement now lies 
in the selection of those self-fertilised lines which are most 
free from serious defects, and which, on crossing, do, in the 
first or second generation, outyield every commercial variety 
of maize obtainable. 

The injury observed on close inbreeding is thus exposed in 
an entirely new light. It is not perpetual self-fertilisation, 
but the first few generations, and especially the first generation, 
that is dangerous. The inbred lines show no perceptible 
further deterioration after eight or ten generations. Moreover, 
it is not the racial potentialities that are injured, but only the 
individual expression of them. It is not the species, but the 
individual, which suffers. The various devices which exist 
in nature to ensure exogamy are not for the benefit of the 
species, for which, so to speak, Natural Selection cares nothing, 
but to ensure the well-being of the immediate progeny ; to 
guard them against the recessive defects, which may lie latent 
m their parents. 

Just as we can understand the meaning of the devices 
which ensure cross-fertilisation, if we already know that 
self-fertilisation is liable to have immediately injurious effects, 
so, in turn, we can explain the injurious effects of self- 
fertilisation when we know that Mendelian recessives are 
invariably, or preponderantly, harmful. But why should this 
be so ? Why should there not be as many harmful dominants 
snth correspondingly beneficial recessive allelomorphs ? Or, 
simpler still, why ^ould either form be dominant or recessive, 
instead of producing a cross intermediate between its parents ? 
It is to tWs question that I believe some quite recent develop- 
ments are able to afford the answer. But in speaking of them 
I ought to say that I am expressing my own personal opinions, 
nth^ than a body of well-established and authenticated 
conclusions. Some years ago, in speculating on the Mendelian 
phenomenon of dominance I was led to make a classification 
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of the non«lethal mutations which had appeared in the molt 
fully studied of the fruit flies, Drosophila mslanogasUr. Out of 
321 different mutations available for classification I found that 
308 were described as recessive ; that is to say, that in these 
cases the cross-bred or heterozygous fly appeared to be com- 
pletely normal, and the mutation was entirelv concealed. In 
not one case did the cross-bred fly resemble the pure-bred 
mutant. But in the 13 remaining cases it was intermediate, 
shovdng a defect of the same kind as the mutant, but of less 
intensity. The distribution of these mutations in respect of 
dominance or recessiveness was therefore extremely one-sided. 
That was a fact which influenced me greatly. A second fact 
which seemed to throw a direct light on its explanation is 
observable in what are known as series of multiple allelomorphs. 
In many cases the same gene has experienced, in different 
individuak of the same species, mutations of different kinds, 
and we have, as in the Albino series in rodents, an original 
gene, which determines full pigmentation, and a series of 
mutant genes which determine different degrees of dilution of 
the coat colour, extending, in some cases, as far as complete 
albinism. Using the five genes of this scries available in the 
guinea-pig, Sewall Wright combined them in the fifteen possible 
ways in which pairs may be chosen from five different sorts 
of things ; five being homozygous, or containing a pair of 
genes of the same sort, and ten heterozygous, compounded of 
unlike genes ; and he bred a sufficient number of animals of 
each combination to study the average depth of pigmentation, 
and its variability within each type, both in the black and in 
the red portions of the coat. He found that the five homo- 
zygous combinations were all perfectly distinct with very little 
variability compared with the differences between the average 
intennties. Of the ten heterozygous or cross-bred classes, 
four, which were compounded of the non-mutant or wild-type 
gene, and one or other of its mutant derivatives, were all 
completely indistinguishable from each other, and from the 
pure wild-type coloration. The remaining six heterozygotes, 
However, were in every case clearly intermediate between the 
two homozygous types from which they had been derived. 
The whole body of observations may be summarised in the 
two rules : that the wild-type g^e is completely dominant to 
all other genes of the series, whilst between these other genes 
dominance is entirely absent. Now these two rules are mund 
to hold very generally in the many series of multiple allelo- 
morphs which have been studied in other organisms ; and 
since such an arrangement would be overturned whenever, 
in the course of evolutionary change, any jp'ene happened to be 
replaced in the wild population by one of its mutants, unless 
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«t the same time the relationship of dominance became reversed, 
it appeared to me to follow necessarily that dominance, which 
is after all only the developmental reaction of the organism 
to a particular gene-combination, was itself a by-product of 
the evolutioni^ process. 

The mutations which we can observe in the comparatively 
few individuals which can be kept under experimental observa- 
tion must represent, on the whole, those which are occurring 
with the highest mutation-rates, and which must occur regularly 
in enormously greater numbers in the wild populations. More- 
over, many of them must have been occurring in the past for 
perhaps millions of generations. We know this because we 
nnd different related species giving rise to the same mutations. 
Such a history is, of course, only possible for disadvantageous 
mutations, always kept rare, in spite of their continual occur- 
rence, by counter-selection ; and in such a situation it may be 
shown that selection will continually favour the modification 
of the heterozygote towards the normal condition, and only 
when the heterozyg^te has become completely normal, and 
the mutation has become completely recessive, will any 
appreciable modification of the homozygote commence to take 
place. If this second stage also were completed there would be 
nothing left for the geneticist to observe, and this stage can 
only be demonstrated in such a favourable case as is afforded 
by the little tropical fish, Lebisies reticulatus, where certain 
mutants affecting the coloration appear to be beneficial in 
the male, but unfavourable in the female fish, and where the 
visible effects have been almost completely suppressed in the 
female. 

I should very unduly prolong this lecture if I were to 
attempt to give any full account of the experimental evidence 
on wmch this theory of the evolutionary modification of 
dominance can be supported. I have recently put forward the 
case in some detail in a paper in Biological Reviews, and I can 
do no better now than to mention one very decisive instance 
for which, when I wrote, the evidence was still incomplete. 

The New World cottons form a group of species particularly 
favourable for genetical research, for the reason that while 
distinct in many good taxonomic characters, they are mutually 
fertile, and give fully fertile hybrids. In the Sea Island cotton 
a mutant known as Oinkled Dwarf has been firequently ob- 
served to appear, although it apparently does not occur in 
other species of New World cotton. In the course of hb 
experiments in Trinidad, Dr. Harland happened to cross a 
Crinkled Dwarf Sea Island plant with two other American 
species. 

In the first generation the crinkled character appeared not 
*9 
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to be completely reoesdve, for the hybrids showed slight s^;ns 
of crinkling ; and, on sdf’fertilising these, instead of obtaining 
three-auarter normal and one-quarter crinkled plants, little 
mca‘e tnan a quarter were normal, while the remaindCT showed 
a totally unclassifiable series of ^1 grades of crinkling. The 
importance of this case, for the theory of the ori^n of 
dominance, was at once recognised by Dr. Hutcmnson, 
Or. Harland’s assistant ; and the more crucial experiment 
was set on foot of introducing the Crinkled Dwarf mutant, by 
successive back-crossings, into a pure race of Upland cotton. 
The later generations show that, in the Upland species, 
Qinkled Dwarf is neither a dominant nor a recessive. The 
hetarozygote is about as much dwarfed as is the homozygote 
in Sea Island ; while in Upland the homozygote is so extremely 
dwarfed as to be scarcely viable. Moreover, the stages by 
which this condition was reached during the experiment 
indicate, Dr. Harland tells me, by the diminishing variability 
of the crinkled character, that Sea Island cotton differs from 
the other American species in a group of modifying factors, 
which together act to make the Crinkled Dwarf mutant com- 
pletely recessive in that species. It may well be long before 
we have stronger or more direct evidence that the recessiveness 
of mutations is itself a consequence of a prolonged evolutionary 
process, by which each species reacts to the unfavourable 
mutations with which it is persistently peppered. 

If we are asked, then, what evident traces have been left 
on the organisation of plants and animals in general, by their 
having made their evolutionary progress in the teeth of a 
shower of predominantly unfavourable mutations, we can point 
in succession to three very widespread phenomena. First, the 
absence of true dominants, and the aoundance of recessives, 
among mutant genes as compared with the genes prevalent in 
wild populations ; the recessives have become so, because they 
are unfavourable ; next, to the injury experienced on seU- 
fdrtilisation, or inbreeding, in populations in which harmful 
recessives have been allowed to accumulate ; and thirdly, to 
the separation of the sexes, and all other similar devices to 
favour exogamy, which are evident adaptations for avoiding 
this injury. Wherever any of these three phenomena can 
be demonstrated, there we have evidence that the evolu- 
tionary process has not been favoured, but predominantly 
opposed by the mutations which have occurred. Every theory 
m evolution which assumes, as do all the theories alternative 
to Natural Selection, that evolutionary change can be explained 
by some hypothetic^ ^ency capable of controlling the nature 
of the mutations whi^ occur, is invoking a cause which 
demonstrably would not work even if it were known to exist. 
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In dioit, the net results o£ substituting the idea of par- 
ticulate inheritance, in accordance with Mendel’s discovery 
for the previous notion of blending inheritance, has been to 
remove the chief loncal difficulty to the theory of Natural 
Selection, by which Darwin was harassed in the development 
of the theory, and at one blow to dispose of every alternative 
proposal whi(^ has been made to give a rational account of the 
evolutionary process. When we cast our minds back over the 
history of biological theories, both in the last quarter of the 
nineteenth century and in the first quarter of this, it is, I 
submit, a question worth considering whether a sympathetic 
contact with mathematical ideas would not have induced such 
continuity in the grasp of the logical purport of the arguments 
used at difierent periods as would have obviated the chaotic 
misunderstandings which are so marked a feature of this 
history. Incidentally I believe that the popular reputation 
of biology will be raised, and some of the point of mathematics 
will be more widely recognised, the more thorough and ex- 
tensive such intellectual contact can be made. In the present 
movement towards a fuller development of the mathematic^ 
ideas underlying biological theories, a movement which is 
active not only m these Islands, but also in Germany and the 
United States, it is principally the biologists, such as Haldane, 
Bernstein, and Sewall Wright, who have taken the initiative. 
It is therefore more particularly for mathematicians to consider 
whether the academic organisation of their studies is competent 
to foster, or destined to retard, this further extension of their 
application. 
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RECENT DEVELOPMENTS IN SPECTRUM 

ANALYSIS 

By a. HARVEY, Ph D., B Sc 

In 1834 one of the earliest workers in the field of spectrum 
analysis showed that flames coloured by lithia and strontia 
were distinguishable quite easily by means of the spectroscope, 
although they could not be differentiated by the eye. Talbot [i ] 
wrote : “ Optical analysis can distinguish the minutest portions 
of these two substances from each other with as much certainty, 
if not more, than any other known method.” 

A serious obstacle in the path of the development of the 
subject lay, however, in the persistency with which the yellow 
D-hnes appeared in all spectra. This obstacle was removed by 
Swan [2] in 1 856, when he found that an extremely small quantity 
of sodium (of the order of 2*5 x io~* grams) was sufficient to 
produce the D-lines, and that the almost invariable appearance 
of these lines in the spectrum merely illustrated the remarkable 
diffusion of sodium and furnished a beautiful example of the 
extraordinary delicacy of the spectroscopic test. 

This obstacle removed, Bunsen and Kirchhoff [3] proceeded — 
in addition to discovering the two new elements caesium and 
rubidium — ^to place spectrum analysis on a firm basis. Their 
work established the fact that ea<^ element had its own 
tinctive spectrum, and they were q^uick to realise that the new 
method of analysis they Imd provided was not subject to the 
limitations in space from whi^ previous methods of chemical 
analysis had suffered. They realised that they had opened up 
the way to the study of the chemical composition of the Universe 
as a whole, and Kirchhoff [4] immediately commenced a 
study of the elements present in the sun,» whilst a few 
years later Huggins and Miller [5] commenced similar work 
on the stars. 

The realisation that the emission spectrum was an un- 
mistakable characteristic of each metallic element was the 
foundation-stone of spectrum analysis, and, so long as there 
were new elements to discover on the earth, or elements to be 

> It abould be noted tiiat in 1852 Brewster had conclnded that the datk 
Ftauenhofer lines wore produced by the vapoun surrounding the sun. 
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identified in the stars, tha% were many workers in the field. 
Since the beginning of the twentieth century, however, the 
emphasis has been on the anal3rsis of spectra, rather than on 
spectrum analysis, and it has only been within the past few 
years that there has been any considerable further progress 
made in the latter subject. These recent developments concern 
both the qualitative and the quantitative sides of the subject, 
and have had as their prime object the rendering of the subject 
of increased value to industry. 

Qualitative spectrum analysis has now been in use for many 
years. Even so, an important step forward has recently been 
made by Ryde and Jenkins working in the Research Labor- 
atories of the General Electric Company, Wembley, in the 
introduction of R.U. (Raies Ultimes) Powder. This consists 
of carefully adjusted small quantities of about fifty of the 
elements incorporated in a base composed of calcium, mag- 
nesium, and zinc oxides. The adjustment of the amounts is 
such that only a half-dozen or so of the more important sensitive 
lines of each element appear when the spectrum of the powder 
is excited by burning it in a carbon arc. An extremely rapid 
method of spectrographic analysis is thus furnished ; the pro- 
cess consists merely of the photographing, adjacent to the 
spectrum of the unlmown substance, of a comparison spectrum 
of the R.U. powder. Then, by reference to photographic charts, 
the identification of the constituents of the substance under 
investigation can be performed without even determinir^ the 
wavelengths of the spectrum lines. The majority of the ele- 
ments detectable in this manner are metals or metalloids, but 
it is possible to modify the method so as to detect combined 
fluorine [6], and probably this modification could be extended. 
A trace of is present in the R.U. powder and, as a result, 
the green calcium fluoride bands appear in the spectrum in fair 
strength. If fluorine is suspected 111 the substance under ex- 
amination the addition to it of a trace of a calcium salt furnishes, 
by the presence or otherwise of the calcium fluoride bands, a 
sensitive test for fluorine. 

Ryde has also been responsible for the development of the 
exploded-wire method employed in the analysis of fine vdres 
and filaments. The original problem was the detection of the 
spectroscopically insensitive element thorium in wires which 
might be only o«ooi6 cm. in diameter and of which only a few 
centimetres length was available (the mass being of the order 
of 0*2 mgin.). It was found that the thorium lines showed up 
more readily the greater the excitation, and eventually the 
method was adopted of exploding a bank of condensers (of up 
to 0*05 m.F. capacity) through the wire. Under such conmtions 
very often the explosion of a single wire i *5 cm. in length was 
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suffident to register the spectrum urith a lai^^e quarts Sjpectro> 
graph) and it was found t^t as little as o*03 per cent, thorium 
ana 0005 per cent, of many other impurities could be detected 
in tungsten. Later work has shown that the method can be 
made quantitative, and that fine wires of many types can be 
analysed by means of it. 

Turning to the quantitative aspect of the subject, apart 
from isolated estimates of the minimal amounts of vanous 
elements detectable spectroscopically, only two methods re- 
ceived much attention prior to the last few years. Hartley [7], 
whose work was extended considerably by Pollok and Leonard 
[8], showed that (in general) the lines of a metallic element 
cUsappeared progressively as the content of that element present 
in the somce was reduced. Hence, after results had been 
obtained showing the lines present at different concentrations, 
it was a fairly simple matter to lay down upper and lower 
limits for the composition of the source. The other method 
consisted of the visual comparison of a spectrogram of the 
substance with a series of spectrograms of specimens of known 
composition. Gramont used this method extensively, and a 
considerable amount of work has been performed by means 
of it. 

If either of these methods is to be employed to the best 
advantage, then some method of standardising the conditions 
must be employed, since it is well known that vmations in the 
discharge are liable to affect the relative intensities of spectral 
lines. The fact that lines due to the neutral atom and to the 
ion of the atom respectively are also known as " arc ” and 
" spark " lines is sufficient illustration of this. It follows, then, 
that a fairly rigorous control of discharge conditions must be 
maintained if consistent results are to be obtained from quanti- 
tative spectrum analysis. A simple method has been devised 
whereby the effects of small deviations in routine and of 
fluctuations in the source itself may be eliminated ; the 
importance of this was first clearly insisted upon by W. Gerlaiffi, 
after whom it is generally known as Gerlach's "Internal Standard 
Method.” * 

In this method the intensity of a line of the minor constituent 
under estimation is compared with that of a line due to the 
main substance, or to that of a line due to some foreign substance 
purposely introduced (in known amount) to act as a standard. 
The assumption made is that slight fluctuations in conditions 
will affect the intensities of both members of the ” line-pair ” 
in the same way, and that their relative intensities will thus 

> Tbe method is discuseed in coneidenble detail in the book, F(mHdaK9u$ 
md M0^od$ of Chemical AnalysU by the Emietioa Speetnem, W. Gertaob and 
E. SdmveitMr. 
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remain unaffected. Provided that the lines are suitably chosen 
(e.g. an arc line must be compared with another arc line and not 
with a spark line) the method works extremely well in ps^ctice, 
and takes care of the minor variations which occur. The Use of 
the method is well illustrated in most of the work which will be 
quoted here. 

Returning to the two main lines of attack upon the problem 
of rendering spectrum analjrsis quantitative, the first of 
these has recently been employed by Brownsdon and van 
Someren [9] in a very comprehensive survey of the application 
of spectroscopy to the anal3rsi3 of lead and brass alloys. These 
investigators have for some years been using spectroscopic 
methods in routine examinations and, as a result of this ex- 
perience) they have published a number of valuable tables 
embodying the necesss^ data for the estimation of, for example, 
aluminium, iron, lead, nickel, manganese, and tin in brass, and 
similar minor constituents in lead and lead alloys. They 
conclude from their experience that a spectrograph should 
be an essential part of the equipment of a metallurgical 
laboratory. 

In a very different field from that just described, Ramage and 
his collaborators [10] [i i] are employir^ the second of the two 
quantitative methods mentioned earlier in order to examine the 
mstribution of elements in the animal kingdom, the examination 
being made semi-quantitative in the manner indicated. The use 
of the spectrograph in this work was dictated because of its 
yieldii^ an analysis with a rapidity with which chemical 
methods could not compete. In the fast of the two papers so 
far published a description is given of the analysis of annelids 
and of the organs of molluscs. It is found that iron and copper 
are present in every tissue examined, whilst other elements are 
peculiar to certain organs. The second article deals with human 
tissues, and amongst the mass of information obtained may be 
mentioned the fact that copper, a universal and probably an 
essential constituent of living tissue, occurs in considerably 
greats concentration in foetal tissues than in adult tissues, 
reaching its maximum in the foetal liver. Rubidium, it is 
observed, is almost as widely distributed as copper, and 
occurs in greatest concentration in the heart and striated 
muscle. 

Tltt limitations of the methods just discussed are obvious, 
sinw in any interpolation method the accuracy obtainable is 
limited by the magnitude of the steps employed, and in the 
methods described the steps were genermly large and the 
accuracy correspondingly small. It is obvious that any im- 
prirven^t in the accuraqjr of the analysis is dependent upon an 
mcreased accuracy being obtainable in the measurement of the 
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intensities of the spectral lin«, since the fundamental assump- 
tion in this tjrpe of analysis is that the line-intensities are 
dependent upon the content of the element in the somce. 
ITbere have been two main lines of improved techni<|ue in this 
direction. In one of these the densities of the line-images on 
the photographic plate are compared by means of a micro- 
photometer (employing either a photoelectric cell or a thermo- 
pile), and this comparison is made by observing the varying 
mtensity of a beam of light as it passes through the various line- 
images. Although this adds considerably to the time and 
labour of making determinations, it is clearly a great improve- 
ment upon the original method where merely visual comparisons 
were attempted of the plate blackening. 

^though it is rather difficult to estimate the accuracy 
obtainable in this manner, certainly the claims for a i per cent, 
accuracy attainable in routine measurements may be dismissed. 
Where every precaution is adopted in an investigation of the 
intensities of spectral lines the error of any single comparison of 
two intensities may be as much as 4 per cent. In such in- 
vestigations, however, the relative intensities of the lines are 
only obtained after a careful calibration and standardisation of 
the plate has been made. These precautions are rendered 
absolutely essential because of the very complex nature of the 
phenomena associated with the photographic plate, one of the 
most important of which, from the point of view now being 
considered, is that the characteristics of a plate are dependent 
upon the wavelength employed. Unless precautions such as 
the above are adopted, and if merely a airect comparison is 
made of the microphotometer deflections riven by an ordinary 
spectrogram, it seems probable that omy under favourable 
arcumstances will an accuracy of 5 per cent, of the content be 
obtainable. 

In the other method which has been adopted in an attempt 
to improve the accuracy of quantitative spectrum analysis a 
device is employed whereby when the spectrogram is actually 
being obtained the exposure is made to vary along the slit of the 
spectrogrkph, so that at one end of the slit a very much longer 
exposure is given than at the other (the ratio of the two extreme 
eaqwsures may be 500 : 1). This variation in exposure along 
the lei^h of the slit is produced by the rotation in front of it 
of a disc whose periphery is cut to a logarith^c curvfe (sw 
diagram), the instrument being known as a logarithmic sector. 
The net result of using the instrument is to produce on the plate 
lines whose lengths are a logarithmic function of their intensities 
t* * 3]* this method the determining factor with regard to 
the accuracy obtainable is the accuracy with wUch it is possiUe 
to measure the lengths of the lines. The uncertainty here is 
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such that — ^in a quantitative analysis — an accuracy of some 
10 per cent, is obtainable at present, but work in progress leads 
to the belief that it may be possible to improve upon this. In 
actual practice a “ line-pair " is employed, one member of the 
pair being due to a major constituent, the other being a line of 
the met^ under estimation. Thus the minor constituent is 
estimated in terms of the major constituent, the logarithm of 
the ratio of the intensities of the two lines being directly 
proportional to the difference in their lengths. Since the ratio 
of the intensities varies with the concentration of the metals, it 
follows that a correlation is obtainable between the composition 




Diagram of logarithmic sector disc log 9 »» 0*3 + o*a 1), and 
right : cut sho^^g sector disc in position in front of the slit x y, 

(Reprinted by permiitioD of the Roynl Society.) 


of the substance and the difference in length of the members of 
the “ line-pair.” 

It is important to notice, in passing, that spectroscopic 
methods in general yield an accuracy which is independent of 
the total content under estimation. Thus, if the accuracy of 
the method is stated as lo per cent., it means that a substance 
which is present to the extent of lo per cent, in the substance 
under analysis is determined as (lo i: i ) per cent., whilst anotho* 
substance present to the extent of o*io per cent, is determinable 
as (O'lo ± 0*01 ) per cent. Hence, although spectroscopic 
methods can lay no claim to great accuracy where high per- 
centages are concerned, when low percentages (say, under i 
per cent.) are involved the accuracy obtainable is very satis- 
factory and compares favourably with that obtained by chenucal 
analysis, whilst compared with the latter method of anal3rsis a 
great saving of time is almost alwa3rs possible. Again, chemic^ 
separations are often incomplete. Gravimetric analysis is 
dependent upon differences in the solubility of salts, and this 
factor, together with the common occurrence of ocd^on of 
other salts during precipitation, may cause quite considerable 
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erron unless extreme precautions are taken. Further errors 
in routine examinations may be caused by the appewance of 
impimties not normally present, causing side reactions and 
altmng the coxu^e of the separation. 

A number of investigations have been made emplxmng the 
logarithmic sector, one of the most recent being that by Twyman 
and Hitchen [14]. This work was confined wholly to solutions, 
and a new tjrpe of sparking tube was evolved in order to obtain 
a discharge truly representative of the liquids. Solutions con- 
taining chromium, nickel, and similar metals were employed, 
and it was found possible to estimate the metallic content with 
an accuracy of 10 per cent, of the metal present, the range of 
concentration varying from o-oi per cent, to 5 per cent. The 
sector has also been employed by Twyman and Harvey (un- 
published work) for the estimation of chromium, manganese, and 
nickel in steels, the discharge in this case being an arc between 
two specimens of the sample under test ; here also the estima- 
tion gave results accurate to some 10 per cent. It is of interest 
to note that in both of these investigations the majority of the 
elements studied exhibited line-intensities which were directly 
proportional to the content of that element in the substance 
undergoing analysis. This is in agreement with the results 
obtained by Barratt and Carrod (unpublished work) in a study 
of the variation of the intensities of the spectral lines of silver 
and gold in alloys composed wholly of these two elements. 
In tMs case the variation of intensity along the slit of the 
spectrograph was produced by means of a platinised quartz 
wedge. The range covered by these investigators was a most 
extensive one, the composition of the alloys ranging almost 
from one pure metal to the other. Whilst over this extensive 
range the course of the variation of the line-intensity of an ele- 
ment with the percentage content of that element proved to be 
very complex, it was observed that for percentages of the order 
of those employed by Twyman and his collaborators the 
intensities of the lines varied linearly with the percentage 
content of the element. 

We have already referred to the “ Internal Standard ” 
method for standardising conditions, and have stated that this 
is the means most generally employed. There is another 
technique, however, which deserves separate description in view 
of the possibilities attaching to it. Tms latter is due to Barratt, 
and is known as the " Twin Spark " method ; it is oidy 
applicaUe conveniently to spark spectra, whereas the Internal 
Standard method does not suffer from tlus restriction. In the 
" TSvin Spark ” method two sparks are run in series, the elec- 
trodes of one spark consisting of (say) rods of a material whose 
composition is accurately known, whilst similar rods of the 
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substance under anal3rsis form the electrodes of the otho* spark. 
The sparks are ran in series, hence variations in the electrical 
conditions of the discharj;i;e should be the same for both sparla. 
Hie content of the metal under estimation being different for 
the two sets of electrodes, a known reduction in intensity is 
imposed upon the radiation from the spvk with the higher 
content, so that the intensity of a selected line appears the same 
in both spectra. For the visible region the estimation may be 
made either visually or photographically. Visually, a nicol 
prism is placed in the beam emitted by each spark, the axes 
of the prisms being at right aisles to one another. Then, before 
the two beams enter the spectroscope, a third nicol prism actii^ 
as an analyser is interposed, and tms is rotated until the line in 
question lias the same intensity in both spectra. From graphs 
previously prepared it is possible, knowing the angle tl^ough 
which the analyser has been rotated, to deduce the content of 
the unknown specimen. Photographically, the intensity of the 
stronger beam is reduced by means of a rotating sector. A 
numl^ of photographs are taken with various sector openings, 
and thus, by inter^lation, the sector opening necessary to 
produce equality in intensity is deduced. A high degree of 
accuracy is obtainable by means of the instrument and tech- 
nique described, but so far there has been no extensive employ- 
ment of the method. 

Whilst examination of the literature of, say, the past ten 
years will disclose a number of other methods by means of 
which spectrum analysis may be rendered quantitative, it will 
be found that none of these differ essentially fronti those des- 
cribed here, and, in general, they are either modifications or 
combinations of these latter. The applications, however, have 
been very numerous and diverse, and one or two types of these 
have already been indicated. One of these applications, 
though, has received extensive development in the hands of 
D. M. Smith (Spectroscopic Investigator to the British Non- 
Ferrous Metals Research Association), and a reference to this 
work must be included in our review. 

Smith’s work has consisted of the application of a number 
of the methods we have outlined to the testing of works products 
for conformity with various specifications, and it has shown 
that these methods are eminently suited to this purpMe, that 
they can be employed for the routine testing of materials, and 
that they are of very definite use in the elimination from a 
works output of those portions of it which contain more than a 
certain percentage of impurity. For example, he has shown 
[15] that spectroscopically it is a simple matter to differentiate 
one from another samples of zinc containing O'jrs, o*a 5 , o*i, 
0«05, O'Oi, and o«ooi per cent, of cadmium, wmlst a similar 
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differentiation is possible with regard to the iron and lead 
contents of the samples. The percentages quoted lie within the 
range of the limits of the British Standards Institute^spedfica- 
tions, and it will be obvious, then, that — ^purely by simple 
spectroscopic methods — it is possible to grade foundiy zinc in 
conformity with the present-day specifications. In view of the 
te^ous and difficult nature of the chemical assay this work 
possesses a peculiar value. Later work by the same investigator 
[i6] has shown that it is possible to estimate the content of 
antimony, cadmium, and tin in lead and lead alloys with an 
accuracy quite high enough for the ordinary control of produc- 
tion, and, in this case, the spectroscopic assay can be performed 
in thirty minutes as compared with the five hours required 
for the chemical assay. 

Finally, within the past few weeks, Judd Lewis [17] has 
published details of the technique and materials necessary for 
what he has termed the “ Ratio Quantitative System " of 
spectrographic analysis. As an illustration of the method we 
may consider the analysis of a vegetable ash. An avenge 

S Tcentage composition for such a substance would be Ca 10, 
g 10, m 5, K 35, PO4 35, Si 5. A powder is available of this 
composition, and it is obtainable “ medicated ” in known 
amounts with the metals which are to be estimated. Thus 


such a powder could contain relative to the calcium content (or to 
the content of any of the major constituents) 0‘i per cent. 01 each 
of the following : Li, Na, Sr, Ba, Al, Fe, B, etc., or o*oi per 
cent., or again, 0001 per cent. By comparison of the spectro- 
grams of the “ Ratio Powder ” and of the ash under investiga- 
tion it is thus possible to determine, say, the amount of lithium 
present in terms of the calcium content of the ash. Should 
greater precision be required than is obtainable by interpolation 
between the steps quoted, then standardised “ spectroscopicdly 
pure ” preparations of practically all the metals are available, 
and, by performing the necessary synthesis, a closer approxima- 
tion can be obtained. An important feature of the method is 
that the technique employed ensures that the sample and the 
standard powers are brought into the same condition before the 
spectrograms are obtained. 

Powders other than those for the analysis of vegetable ash 
are obtainable, e.g. one with a zinc base for metallurgical work, 
and it is obvious that in cases where a large number of tests 
have to be made on any one particular substance, a considerable 
saving: of time will result if a “ Ratio Powder " is specially 
devised for the purpose. It will be realised that it is essential 
for the success of such a method that a very comprehensive 
range of standardised preparations should be available. 
Exs^nation of the publbhed details shows that t^ 
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aspect of the problem has reonved a great deal of care and 
attention. 
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THE CHEMISTRY OF SEA WATER IN 
RELATION TO THE PRODUCTIVITY OF 
THE SEA 

By W. R. G. ATKINS, O.B.E., Sc.D., F.R.S. 

MmiUi BiotogiaU Labcfatoiy, Piymtmth 

O what an endlesse worke I have in hand. 

To count the sea's abundant progeny. 

Whose fruitful seede farre passed those in land. 


Then to recount the sea's posterity 
So fertile be the flouds in generation. 

^ huge their numbers and so numb^lesse their nation. 

In the above quotation Spenser wrote more truly than he could 
have known. The lament would be a fitting one for an over> 
worked specialist on the plankton, could he so word it. The 
ocean indeed is seeded with a dust of life ; and though the powers 
of ten required in the count are smaller than those deftly 
lumdled by the physicist and astronomer, they are neverthdess 
quite imposing. 

In brief, the sea is a solution of a large number of salts, 
subjected to solar radiation which is absorbed by myriads of 
microscopic plants whose numbers and minute size provide 
a suitable system for the absorption of certain of the salts 
which, though present only as traces, are yet essential for life. 
In the aggregate the mass of vegetable matter thus produced 
is very great. It is, of course, the food supply for all marine 
animals save the small minority supplied by the fixed alge 
of the coastal zone. 

In spite of the great quantity of vegetable life produced 
in the sea, the study of these forms has been neglected by 
^tish botanists with a remarkable degree of unanimi ty. At 
the Centenary Meeting of the British Association, the Prudent 
of the Botanical Section, Prof. T. G. Hill, gave a summary of 
the devdopment of botany for the previous century. In the 
first half of that period the morphology and systematic botany 
of algse recdved attention, the plankton scarcely any, while 
botany itsdf was regarded as more or less an appendage of 
the medical school. Even after the botanical rendssanoe in 
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Great Britain, when the firesh-water phytoplankton received 
considerable attention, the marine phytoplankton continued 
in obscurity to constitute what is proMbfy a total mass not 
very different from that of the aggregate of land plants. It 
is true that oral contact with sea water does not leave one 
with any vivid impression of its value as a nutrient, yet since 
the acres of the ocean have depth as well as superficial extent 
their productivity is quite considerable. 

Wiiile fishes are caught in nets of large mesh and the 
zooplankton in nets of ever>decreasing mesh, it is necessary 
to work with silk nets having 1 80 strands to the inch in order 
to retain the finest of the plankton diatoms. There is always 
much uncertainty connected with quantitative plankton hauls 
with fine-mesh nets. One cannot be sure that the volume of 
water passing through the net is the same from one haul to 
another. Firstly, there is the difficulty of maintaining constant 
the necessarily very slow speed ; it is hard also to keep the 
depth and the angle of immersion accurately the same ; further, 
there is the question of clogging of the mesh, as by the gelatinous 
Plueo^tis, which when present renders diatom counts quite 
unreliable. A more accurate, though very tedious, method 
consists in filtering known volumes of water, drawn from 
appropriate depths. Water has also been pumped up and 
centrifuged in a continuous stream by means of the Sharpies 
and Foerst " super-centrifuges." 

As an alternative one may study the phytoplankton 
quantitatively by noting the changes produced by it in sea 
water. 

Alterations in the Alkalinity of Sea Water 

Such changes can readily be demonstrated. A green alga, 
such as the common marine Ulva, or some filaments of any 
pond weed, such as Spirog^a, are placed in a jar, or test-tube, 
filled with water from the habitat of the species. To the water 
a few drops of an indicator are then added. Phenol phthalein, 
colourless or faint pink in sea water, may be used, or cresol 
red ; for fresh water brom th3rmol blue, phenol red, ixesol red, 
and phenol phthalein are suitable according to the original 
alkalinity of the water. On exposing to a bright light the 
colour of the indicator may be seen to alter in the water imme- 
diately surrounding the algal filaments. In time the change 
spreads and becomes intensified. The energy supplied by the 
light enables the algal cells to carry on photosynthesis, the 
oarixm dioxide used up being replenished by the hydrolysis 

bicarbonates, so that the water becomes increasingly 

alkaline. 
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Upon this reacticm the late Prof. Benjamin Moore based a 
calcu&ticm of the annual phytoplankton crop in the neighbour* 
hood of the Isle of Man. He assumed that the changes observed 



fW, ttatknu la tbe Engliah Cluua«l u work«d by th* Marfas 

akiiogteal Awocla t ton’a reaearcb ship from Flymooth. 


at the surface extended to loo metres owing to mixii^; and 
arrived at an estimate of two tons dry we^ht, or ten tons of 
moist plant ^ acre. On converting to the metric system 
these ^ues oecome roughly 500 and 2,500 metric tons per 
square kilometre. The figures are somewhat too high, as the 
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depth assumed, 100 metres, is too great, since the deeper water 
is not affected as much as the siirface. 

The problem was studied in detail about ten years ago in 
the water of the English Channel. The seasonal changes in 
alkalinitv were followed at a series of depths, both colori- 
metrically and by titration at stations ten miles outside the 
Eddystone and in mid-Channel. The carbon dioxide removed 
sufficed to provide 3 milligrams of a sugar, dextrose, per litre, 
all through the water column from surface to bottom. This 
may seem a small amount, but with a mid-Channel depth of 
83*3 metres it gives 1 kilogram of dextrose under each 4 
square metres of surface or 250 metric tons per square kilo- 
metre. Fig. I shows the hycfrographic stations, Ei and E2, 
vdiere these observations were made. It may be seen that 



Fio. ordinatM are depths in metres. The abscissas are pH values, arranged 

to road for each month separately. They refer to water samples taken at 
station £x during Z92X and xgsa. 


they are far from land and not subject to shore contamination. 
The water at such stations is, moreover, typical of that over 
an extended area. Furthermore, study of the salinity has 
shown that in these regions, particularly at Ei, there is no 
great movement of the water, so that from month to month 
the changes may be taken as being truly those in the same 
water, since we are dealing with a closed system. Occasionally, 
however, mass movements of water are detected and there is 
an inflow of more saline water from the south-west. Some of 
the hydrogen ion concentration measurements, expressed as 
pH values, are shown in Fig. i, together with temperatures and 
salinities in parts per thousand. 

In Fig. a it may be seen that the water has become notice- 
ably more alkaline by March, though still uniform from top 
to bottom. By May, however, the upper layers have become 
markedly alkaune. The thorough imxing in July was rather 
an abnormal feature of this year, 192a, consequent upon wet 
and stormy weather, 
ao 
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la Fig. 3 the relationship between the changes in alkalini^ 
of the sea water and the sunshine and duration of the day fe 
shown. The alkalinity follows the sunshine, but does not 
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Fig* 3* — ^The left-hand ordinates refer to the two full-line curves, as marked, 
ftose on tiie right relate to the dotted curves ; the top one shows the alkalinity 
of sea water in terms of hydroxyl ion concentration, the middle curve shows 
the same plotted as pH values, and the bottom curve shows the corteqiondIJDif 
carbon dioxide pressures as deduced by McClendon's method. 

continue to increase with length of day as one would expect. 

The increase is indeed limited by another factor. 


Ths Phosphate Concentration of Sea Water 

If one takes a pure culture of a diatom and inoculates a 
sterilised flask of sea water enriched with the necessary salts, 
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there is soon a great multiplication of the diatoms so that the 
water becomes cloudy. Fig. 4 shows how the production of a 
great number of diatoms results in the complete utilisation of 
the phosphate in the medium. After that no further multiplica- 
tion takes place. It was found that 1,000 million (io») diatoms 
used up i’i2 mg. of phosphate, reckoned as phosphorus 
TOntoxide ; accordingly one gramme should suffice for 9 x io“. 
Data which will be presented later give 30 mg. per cubic metre 
for the annual consumption of phosphate in the water at 

i«>v U»*. cm/jIalul.. 

.ATiX^kctu^, 

ifO 


30 


9.0 


/•o 


(0 xe M 

Fio. 4, 

Station Ei, taking the average of 70 metres, surface to bottom. 
Fh>m this it follows that if all this were abstracted by diatoms 
each cubic metre of sea water would produce 26*8 x 10* diatoms. 
M many as 30 x lo* of another species of diatom were found 
in a fresh-water pond, so these large numbers, as calculated, 
need not seem impossible. 

It is of interest to consider what volume of water is stripped 
^its phosphate by one diatom, for since the diatom floats 
freely m the water it can only draw on a relatively limited 
^ume. Making use of the data already given, it may be seen 
that each diatom has only to deplete one twenty-seventh part 
of a cubic millimetre. At the Emit of detectable phosphate 
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concentration, i niff, per cubic metre, each diatom has to strip 
over one cumc miUimetre in order to get enough phosphate, 
consequently the greater the dilution the slower must be the 
rate at whitm further diminution in phosphate proceeds. 

Again, a knowledge of the phosphate consumption enables 
an estimate to be made of the minor limit of the annual phyto- 

E lankton crop. It is a minor limit because the phosphate may 
e set free and used over again, as is true also of the carbon 
dioxide. Calculated upon their wet weight the brown ^ga 
contain 0*15 per cent, of phosphate. In the absence of direct 
analyses of diatoms the same %ure may be taken as an 
approximation. On the basis of 30 mg. per cubic metre to 
a depth of 70 metres this gives i *4 kilograms of phytoplankton 
under each square metre. If it be assumed that the carbo- 
hydrate content of the diatoms, reckoned as dextrose, amounts 
to 15 per cent, of the wet weight, the calculation previously 
given for the seasonal change in alkalinity gives an identical 
value, namely 1*4 kilograms, when recalculated for 70 metres 
depth instead of 83*3 metres. The exact agreement is for- 
tuitous, but it lends support to the validity of the titration 
method, which is less exact than is the phosphate estimation. 
Thus the minimum value for the phytoplanlrton crop is 1,400 
metric tons, wet weight, per square kilometre per annum. 

During the war the late Sir William Thompson, FVofessor 
of Physicdogy in the University of Dublin, contributed to Tkr 
Times a letter summarising what was known as to the yield 
of agricultural land under various crops and the production 
of live stock. From this it emerged that the yield of food per 
unit area was greatest when potatoes were grown, and that to 
feed pigs upon potatoes was the most economical method of 
produdng edible flesh. Good land may yield twelve tons of 
potatoes, lar^e and small. The weight of the green parts and 
stems is not included, but may be taken as roughly included 
if one considers average or poorer land. To produce an average 
pig of 170 lb. weight, giving 97 lb. of bacon, the weight of 
potatoes required is one ton and a half. These figures come 
to over 3,000 metric tons of potatoes per square kilometre, 
equivalent to 87 metric tons of bacon or 1 52 tons of pig or to 
^i 97 ^ square kilometre. The bacon produced is not 

quite 3 per cent, of the potato consumed and the total weight 
of pig is slightly over 5 per cent. On this 3 per cent, bai^ 
the 1,400 metric tons of phsrtoplankton might ju-oduce 42 tons 
of animal food. It seems better to take 3 rather than 5 per 
cent., since the potato has a greater percentage diy wei^t. 
The pig, however, eats potato directly, whereas the marketable 
fishes are sustained only indirectly by diatoms. Firstly, *mall 
Crustacea and other smw animals feed on diatoms ; thim young 
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fishes devour the planktonic Crustacea, largely copepods, and 
the larger fishes swallow anything of sufficient size to be worth 



while. We are in ignorance, however, as to whether this chain 
of food organisms is a more or a less efficient method of pro- 



ducing vertebrate from v^etable food than is direct consirap- 
tion, as in the case of the pig. The latter has to maintidn a 
OMtttant body temperature in excess of its surroundings, 
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who'eas the marine animals are undtf no such obligation and 
should therefore, in each case, be able to produce more flesh 
for a given quantity of food. 

WMtever the fij^e taken as the production of anin^ food 
per square kilometre — such as the 42 tons just mentioned — 
the ag^iregate of such substance removed each year from the sea 
is very great. Thus the Dependencies of the FalUand Islands 
have produced as much as a quarter to a half-million barrels of 
whale oU, and in the season 1915-16 as many as 11,792 whales 



FXO. 7 . — ^To show the concentration of phosphate at station Ei, at various depths* 
during the year 1925. For the sake of clearness the data are present^ in 
three groups — January to April* May to August 5* and August 31 to January xa* 
1926. 


were taken. It is estimated that the herrings landed annually 
in this country number io*» and i *5 x lo* tons of fish are annually 
taken from the North Sea. Savage has calculated that lo* 
herrings landed in 1926 at our East Coast ports would require as 
daily food no less than 300 tons of plankton, wet weight. 
Such fish are from three to six years old when taken, so their 
food consumption on life’s journey must be quite considerable. 
Enough has been said at least to indicate tW the considera- 
tion of the fundamental conditions underlying such a vast 
production of living matter is one worthy of serious attention. 

The annual utihsation of phosphate has afready been given 
as 30 mg. per cubic metre of sea water. It remains to show how 
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such a fig^ure was obtained. Samples of water were taken, 
twenty mues out at sea, throughout the year and for a numbv 
of vears. The phosphate content was found colorimetriadly 
ana u shown in Figs. 5, 6, and 7. It may be seen that as the 
year progresses the phosphate concentration becomes reduced 
to zero or near it at the surface and veiy consideraUy even at 
the bottom in such comparatively shallow water. Later on 



Flo. 8.— To tbow the mean monthly snnshiae, plotted u tor the i jth of the month, 
for the meteorological district England South-west. 

the phosphate is set free again and so the cyde goes on. It is 
dear also that in spring the rapid decrease in phosphate does 
not occur at predsely the same time each year. In the years 
1 933.-* 935 the phosphate depletion runs in the inverse i»o- 
portion to the sjaing sunshine, 1923, the latest year, having 
lewt sunshine as shown in Fig. 8. The abnormally great sun- 
shine in June 1925 did not lead to any marked consumption 
of phosphate, for the surface water had already been depleted, 
but a comparison of the curves for June 3 and July 8 in Fig. 7 
shows that the deeper water did become poorer in phosphate 
®v«r that period. It may thus be seen why the water does not. 
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become increeuringly alkaline beyond a certain point. Even 
in the presence of adequate illumination the exhaustion of 
phosphate supplies sets a limit. 

In Fig. 9 data are set out somewhat differently to show 



Fio* 9> — The utUiteiion of phospbete between succeaaive detee of lampline is 
legmrded as equivalent to phytoplankton production, as shown by perpendi^ass 
aoove the sero line. Begeneratkm is plotted vertically below it. 

periods of phytoplankton production above the horizontal line 
and periods of phosphate regeneration by the li^ erected 
vertically below the horizontal. It may be seen that the years 
diffiered considerably. 

By subtracting the consecutive values for the mean phos- 
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I^te content of the water column at station Ei it is possiUe 
to arrive at an annual balance sheet as shown in Table I. It 
should be added that during the midwinter period the sea is 
rdatively poor in phytoplankton around the British Isles, 
hence the phytoplankton crop calculated from the phosphate 
duuoges is an approach to a full measure, though always some> 
what too low. 


TABLE I 


Prospsats Balancs Srbbt pbom March 1923 to January 1926 inclusivb, 

SHOWN AS MILUORAMS OP PtOg PBR CUBIC MBTRB« FOR TBB 70-MBTRB WATBR 
Column at £i. 


Ymt. 

rsss- 

SfS 4 . 

SMS. 

Total observable consumption 

MaBimum minus minimum 

Total observable regeneration 

Gain in free phosplmte, difference of successive maxima. 
Gain in free phoi^hate, consumption minus regeneration 

33-4 

29*6 

33-4 

- 3-0 

0*0 

20-5 

28-3 

24-3 

- 5-0 

- 5-0 

ss-s 
26*9 
61 *7 
+ 8*0 
4*7*8 


It may be seen from the forei'oing that the lack of phosphate 
sets a limit to the further multiplication of the phytoplankton 
in summer and that in winter lack of adequate ught energy 
limits their activity. 

Other Salts of Importance to Plant Life in the Sea 

Nitrogen compounds are necessary for the phytoplankton, 
since free nitrogen caimot be directly utilised by plants. In 
the sea there is alwa3rs present a small amount of saline 
ammonia, in the upper waters. Farther down it disappears 
or becomes much reduced. In the change, from ammonium 
compounds to nitrate, nitrite stands as an intermediate. It 
is accordii^ly found in the sea in small quantities only, and in 
surface waters less than 0*2 mg. per cubic metre may be present. 
In deeper waters, while ammonium compounds are being 
oxidised to nitrate, up to 30 or 35 mg. pn m.* may exist. 
Nitrate, however, is the form in whicm nitrogen is mainly 
consumed by plants in the sea, though it seems probable that 
th^ can also use ammonium compounds dirc^ly. It has 
been shown by Harvey that the water is depleted of nitrate 
to about the same extent as of phosphate. It appears, however, 
that the phowhate is first used up, leaving a small quanti^ 
of nitrate, '^e gradual regeneration of phosphate, whida 
appears to be set free as such or in labile organic compounds, 
results in a further depletion of nitrate up to the j^int of 
complete exhaustion in the upper laym. Phosphate then 
to accumulate in the deeper and in the sunace water, 
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accomp^ed by ainmonium salts» by xiitrite, and finally by 
nitrate in the deeper waters. The mixi^ of the water con> 
s^uent upon its autumnal cooling brings phosphate and 
nitrate t<^ether again and a fresh outburst of diatom activity 
ensues, lifted, however, by the lessening power of the sun 
and by the fact that the continuance of a vertical circulation 
of the water tends to plunge the algal cells into the darker 
depths. 

Since the outer walls of diatoms consist of silica, the presence 




Fio. xo. — ^To show the seasonal changes in silicate in the surface water of station Sx. 
The horizontal line at 40 mg. shows the limit at which silica could, at the time 
of analysis, be detected with certainty. 


of silicate in sea water is important for them, though not for 
the gelatinous-coated Phseocystis or for the chlorophyll>con- 
taining Peridinians. Fig. lo illustrates the behaviour of 
silicate, though it is uncertain whether its exhaustion is ever 
complete, since the method of analysis is not as delicate as is 
that for phosphate. In due course the silica appears to 1 m 
redissolved and the silicate content of the sea water resumes 
its former level. The changes are not fully understood. 

Most of the other elements required for plant life in the 
ocean appear to be found in excess. Iodine, for instance, 
present to the extent of 40 mg. per m.* in various compounds 
w not as yet been shown to undergo m^ked seasonal varia* 
tions. Arsenic, which is ako taken up in small amounts, is 
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found in the form of anenite, up to as much as 35 mg. of 
AsaOa per m.* Iron seems to exist in sea water mainfy in 
otganic combination, and treatment with bromine water is 
necessary for its detection. The water appears to contain 
about 30 n^. per m.*, but the iron cycle awaits fuller investiga* 
tion, as does also the manganese cycle and that of copper, 
present in small amount, only 10 mg. per m.* even in winter. 


The Distribution of Phosphates and other Nutritive 
Salts in the Oceans 

The analyses so far quoted relate to the comparatively 
shallow waters of the English Channel, in which the yearly 
cycle has been followed through a number of times. Analyses 
relating to deeper water have, however, become available, and 
serve to emphasise the limitation on plant growth imposed by 
the lack of adequate illumination ; some are shown in Table II. 

TABLE II 

Analyixs of Water from thb Atlantic Ocean, taken between Lisbon and 
THE Canary Islands in October. 


Dwell. 

uSxm. 

H9 

— 

Mf.perM.« 

Pbotphate «• 

Nitrate w N. 

Sflkete M SiO^. 

0 

21*10 

8*33 

0 

*3 

1 


20 

21*00 



6 


220 

50 

20*01 

8-33 

0 

6 

J 


75 

17*31 


5 

6 

1 

320 

xoo 

13*10 

8x8 

8 

35 


1 

200 

13’86 

8*11 

22 

xoo 


L. 9*0 

300 

12*23 

8*12 

44 

170 

j 

\ 230 

500 

10*94 

8*00 

50 

200 

1 

280 

1,000 

9-53 

8*03 

74 

263 

1 


2,000 

4*81 

7-94 

78 

263 


480 

3.000 

3*10 

787 

88 

263 


1,200 


These results are in keeping with Nathansohn's hypothesis, 
put forward in 1906 and later tested extensively by Brandt, 
that the deeper waters are reservoirs of nutrient smts which 
only become available for absorption by plants when, ovdi^ to 
vertical mixing, they have been brought up to a well-illuminated 
level. The analyses made by a number of oceanographic 
e:q>editions have fully substantiated this hypothesis. As an 
example the experience of the staff of the R.R.S. Discovery 
may be quoted from Mr. A. C. Hardy’s lecture to the 
Geographical Society in 1928. South Georgia is a narrow island, 
some 100 miles long, placed almost at right angles to the m^ 
drift of water coming from the west through the Drake Straits. 
The upwelling of deep water brings a continual supply of 
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nutrient salts, as typified by phosphate, so that off the south- 
west coast of the island diatoms, Cluetooeros, Corethron, etc., 
were found in great abundance. These drift round the iriand, 
and in the slack water on the other side an abundance of 
crustaceans (Ewhausians) was found feeding directly on the 
diatoms. The Euphausians are the main food of seveim species 
of ndiale, hence it comes that the region is a very rich fe^ng- 
ground for whales. This, combined probably with the 
geographical situation of S. Georgia, is the reason for the impor- 
tance of this area as a whaling-ground. 

Space forbids further citation of the interesting results 
obtained by other expeditions, nor is it possible to go into the 
problem of the measurement of submarine illumination. These 
mayperhaps be dealt with in another article. 

The author desires to thank the Marine Biological Assoda- 
tion of the United Kingdom for permission to reproduce the 
figures from its Journal and for the use of the blocks. 
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When we pass in review the various races which make up the 
teeming millions of human beings inhabiting this planet, it is 
seen that, while in many ways, both physical and cultural, they 
differ from each other, they are all, nevertheless, variants of 
that widespread and prolific stock H. sapiens. If, further, we 
carry our investigation backwards in tune, and examine the 
skeletons of people who lived during the period between about 
40fioo years ago and the present day, we find that in ev^ 
case the type is that of H. sapiens, while even the earliest 
examples are clearly as representative of “ modern ” man as 
is any person Uving in 1932. It thus becomes necessary, to 
realise that, at an epoch separated from the present by some 
40,000 years, H. sapiens was present upon this earth. But 
the matter cannot be left there, and as the idea of special 
creation no longer appeals to any seriously minded person, it is 
needful to ascertain what evidence, if any, exists which throws 
light upon the evolutionary ori^ and read antiquity of present- 
day man. The deposits in ^ich the supposed most ancient 
skeletal remains of H. sapiens have been found are those con- 
taining the Upper Palaeolithic industry of Aurignacian man. 
Immediately below these dep>osits is, in numerous cases in the 
French caves, a stratum in which are found cultural relics of 
an earlier and different type, associated with human bones^ of 
people differing profoundly, in their physical characteristics, 
from those of H, sapiens. These more primitive people are 
known as the Neanderthalers, or Mousterians, and are to be 
regarded as representing a form of H. pnmigenius. They had 
large and, in some respects, simian-like skulls, while their 
teeth and limb bones were quite unlike those of modern man. 
Thtte differences are, in fact, so well marked that, even to a 
novice in such matters, it is obvious that the Mousterians and 
the Aurignacians represent two quite distinct branches of the 
human race. 

Now, it is to be remarked that the lapse of time between the 
Moustttrian epoch and that of the Aur%nacian cannot well have 
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been, geol^cally spraldiu, very prolonged, and, even if it 
were physically possible v>r a Neandertral t^e of man to 
develop into that of the Aurignacian — ^whicn most skilled 
anatomists deny — ^it does not seem credible that such a marked 
transformation could have taken place in the comparatively 
short period of time mentioned. When these aspects of the 
matter are considered, it would appear in the highest degree 
probable that the genesis of modern man must be looked for 
at some epoch older than that of the Mousterian, and the 
question at once arises as to whether — up to the present— this 
conclusion has been found to be supported by fact. There is, of 
coiu^e, no doubt that a number of claims to the discovery of 
human bones of the “ modern *’ type, and of a pre-Mousterian 
antiquity, have been made. The best known — but by no means 
all— are dealt with briefly here, and it will be found that these 
refer to discoveries of the remains of H. sapiens in deposits 
belonging to the long cultural period — ^the Acheulean — ^immedi- 
ately preceding that in which Mousterian man was distributed 
widely over Europe, the other, though less numerous, 
instances of the alleged unearthing of the bones of 11 . sapiens 
in still older beds being, for the moment, disregarded. 
It is, as has been already pointed out, an inherently im- 
probable supposition (and one not to be made otherwise by 
the easy method of refusing to accept as reliable the dis- 
covery of any remains of man of the modern type in pre- 
Mousterian deposits) that H. sapiens first appeared on this 
earth in Aurignacian times, and it would seem, therefore, 
necessary to take due cognisance of any discoveries claiming, 
seriously, to support the conclusion that he is of pre-aurignacian 
antiquity. 

Perhaps one of the best-known finds of this order is that made 
a number of years ago (1888) of parts of a human skeleton 
embedded in a loamy deposit of the loo-ft. terrace of the 
Thames at Galley Hill on the south bank of the river These 
remains — ^which clearly represent an individual of the modem 
type, were seen in situ by several reputable people. The bones 
rested at about 8 ft. from the surface, and appear to have been 
both underlain and overlain by stratified beds referable to 
Acheulean times, and therefore to a period older than that in 
which Mousterian man lived. 

Of a like antiquity is the portion of a human skull in a 
fossil condition, found at Westley, near Bury St. Edmunds, 
Suffolk, in 1882. The specimen, which is preserved in the 
Museum at this place, was recovered from brick-earth, and asso- 

• Quart. Joum, Med. Soe., 1895, vol. LI, p. 505. The most accessible 
and illaminatiiig aocoont of this and similar discoveries can be found in 
Keith's The Autiguify 0/ Mam (first edition). 
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dated with the remains of the mammoth and other mammals, 
and with Acheulean flint implements.* There is little doubt that 
the skull fragment is of the “ modem " and not Mousterian 
type. In 1868, in a nravel pit in the Avenue de Clichy, Paris, 
on the right bank ot the ^ine, a remarkable discovery was 
made by M. Eugene Bertrand, a student who was in the habit 
of visiting excavations with a view to the collection of the fossil 
bones of mammals.* On the occasion of one of his examina- 
tions of the Clichy pit he was shown a human skeleton in situ 
in a loamy deposit at a depth of 1 7 ft. from the surface. The 
Clichy remains represent, without question, an individual of 
the type of H. sapiens, and, as it would appear, of the same 
geological age as those of Galley Hill and Bury St. Edmunds. 

In 1914 Prof. Hans Reck, of Berlin, discovered, in the 
Oldoway ravine in what is now Kenya Colony, a human skeleton 
of the modern t}rpe, and buried in the contracted posture. 
Prof. Reck, the importance of whose discovery was not gener- 
ally recognised owing to the onset of the war, has recently 
revisited Oldoway in company with Mr. L. S. B. Leakey and 
Mr. Hopwood, and these two investigators are convinced that 
Reck was right in claiming a great age for the skeleton he found. 
A most careful, and successful, examination has been made 
of the area where the Oldoway man was discovered, and has 
resulted in the recovery of very numerous bones of extinct 
animals from the human stratum, which has also been found 
to contain abundant examples of hand-axes of Late Chellean 
or Early Acheulean types. A full account of the recent work 
at Oldoway will, no doubt, be published in the near future, 
but the above are the conclusions which can be legitimately 
drawn from the reports which have appeared in The Times 
and Nature. Thus, it appears that the human bones of Galley 
Hill, Bury St. Edmunds, Qichy, and Oldoway represent dis- 
coveries of the remains of H. sapiens associated with Acheulean 
toplements, and are to be referred to a period predating that 
in which Neanderthal or Mousterian man held sway in Europe. 
Furth^, it seems probable that, in the above instances, we are 
dealing with burials made from land surfaces existing in 
Acheulean times. If, as appears reasonable to suppose, it is 
indeed a fact that H. sapiens ivas in existence in the Lower 
Pakeolithic epoch, and had then arrived at the stage of burying 
his dead in the contracted posture, certain matters of great, 
and revolutionary, significance arise for consideration. 

The occurrence of the skeletal remains of H. sapiens at 
such an early period means that the origin of man must be 
looked for at a much more remote time than has been hitherto 

* Joum. AtuU. and Physiol.. 1913. vol. XLVI, p. 73. 

* Bntt. Soe, d'Anthrop., x868, ser. 2, vol. Ill, p. 339. 
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sappoted. Moreover, this occurrence ^gnifies that man, in 
company with certain othtf examples of animal, vegetable and 
insect life, is one of those creatures vdiich, fm some unknown 
reason, htw not sufftfed marked evolutiomuy change oytsr 
vast poiods of time. For many of the mammab found with 
the remains of H. sapisns described have either become 
extinct or have been altered profoundly in their physical 
forms since those days. And it is clear that the evolutionary 
forces which have brought about these changes have been 
comparatively powerless m the case of man. Further, it would 
SMm necessary now to reahse that the human species was 
differentiated m vory remote times, and that scattered about 
the world were living, contemporaneously, people of both 
H. j^migmius and H. sapiens t}rpes. 

To those, however, who' appreciate the skill and thought 
which were required to make many of the Palseolithic and 
earlier flint implements — which exhibit great beauty of form, 
and are to be regarded as merely the indestructible elements 
of these ancient civilisations — ^the discovery of the bones of 
H. sapiens in pre>Mousterian deposits does not cause surprise. 
The long-held view that ancient man was simply a degraded 
savage umited in dbtribution, and of no great antiquity, b 
dbappearing, and the past hbtory of our race b, at long last, 
in process of being looked upon from a rational standpoint. 



NOTES 


flw Cta»«]lad Belay (S. K. L.) 

The recent developments in the larger types of grid-con- 
trolled mercury-arc rectifier and their applications to traction 
purposes were described in a note in the July 1932 issue of 
^lENCE Progress (p. 132). The theory and design of the 
grid-controlled rectiner, or gas-filled relay as it is called, are 
disfeussed in detail, together with descriptions of numerous 
applications, in an article by S. K. Lewer and C. R. Dunham 
in the G.E.C. Journal for May and August 1932. This article 
deals primarily with the hot-cathode type of controlled rectifier 
as distinct from the mercury-pool steel-tank type which is 
suitable only for extremely heavy loads such as are incurred 
in traction. 

The mercury-vapour rectifying valve, from which the gas- 
filled relay has been developed, consists essentially of a heated 
dectrdn-emitting cathode and a cool anode in an evacuated 
bulb containing a small drop of mercury to provide the necessary 
vapour pressure for the arc discharge. The gas-filled relay has, 
in addition, a third electrode in the form of a grid interposed 
between the anode and cathode. The function of the grid is 
solely to control the starting of the discharge. In the ordinary 
mercury-vapour rectifying valve, a discharge passes as soon as 
the anode potential is above about 1 5 volts. A sufficiently high 
n^fative bias on the grid of the gas-filled relay will withhold the 
disdiarge, even though the anode potential be raised to several 
thousand volts. On account of this property, this valve is 
sometimes called a thyratron (from the Greek thyra » a door). 
The reason for this controlling action is that the resultant field 
at the cathode is insufficient to produce cumulative ionisation 
necessary for the formation of the arc discharge. If the 
negative grid bias be reduced, a value will be reached at which 
the valve strikes. The ratio of anode potential to grid potential 
at this critical striking condition is practically constant over a 
range of values for most types, and is known as the ** grid- 
control ratio.” 

After the discharge has been started, the gas-fill^ relay 
behaves like the two-electrode rectifier, since the positive mer- 
cury ions which are proent in the discharge form a sheath 
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around the grid, and thereby neutralise its oontroliing action. 
In order to stop the discharge, the anode potential must be 
momentarily reduced to below about 1 5 volts. Ionisation thra 
ceases and the valve is reset for control. This function is 
performed automatically once per cycle in the case of an A.C. 
anode supply. The instantaneous value of the anode potential 
at which the tube strikes is determined by the grid potential, 
so that the mean value of the rectified current may be controlled 
by means of the grid bias, hence the name “ controlled rectifier." 
Inis valve may also be used in D.C. circuits, in which case 
suitable automatic resetting devices are required. 

The simplest application of the gas-filled relay is as a trigger 
device. The power required to operate it is so small that it can 
be operated directly from a photoelectric cell. Such a com- 
bination as this finds almost unlimited application in industry 
where counting and sorting operations are required. A number 
of gas-filled rela3rs have been used in a ring circuit capable of 
counting impulses up to the rate of 1,000 per second for the 
counting of a-particles. This trigger principle may also be 
utilised in the measurement of transient voltages or currents. 
An important case is the measurement of thermionic emission 
firom heated filaments, where the passage of the emission current 
for anything but the shortest interval affects the filament 
temperature to such an extent as to render the measurement 
valueless. 

As a contractor, the gas-filled relay may be used, in larger 
sizes, to make and break currents of 100 amperes or more 
many times a second without the use of heavy moving contacts. 
In arc-welding, the wear of the contacts is a serious problem, 
and a great saving has been effected by the use of the gas-filled 
relay. 

The article discusses at some length the use of gas-filled 
relays in the “ inverter ” for the conversion of D.C. to A.C., 
but as this was described in the previous note referred to above, 
it will not be necessary to consider it here. 

The operation of the gas-filled relay becomes most interesting 
when the controlling grid potential and the anode potential are 
alternating. It has already been pointed out that the mean 
rectified output current can be controlled by the value of the 
D.C. grid bias. With an alternating grid bias, a similar control 
can be effected by changii^ the phase relation between grid 
and anode potentials. In practice this is found to be a very 
neat method, since the phase change can be readily obtained 
by means of a varying resistance or capacity in the grid circuit. 
Typical examples of such applications are the precise control of 
the speed of a motor, or the temperature of a furnace. Another 
interesting type of application is the lamp- dimming circuit. 
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Here the rectifiM output of a gas-filled relay saturates the 
core of a choke ih the lai^ circuit and thereby controls the 
amount of illumination. This arrangement is highly efficient, 
since the relay may control ten times the amount of power 
consumed in itself. This is of great importance in tWtre 
lighting. 

The article contains a description of the new Osram Gas- 
filled Relay, type GTi, which has recently been developed in 
the Research Laboratories of the G.E.C. This is a compara- 
tively small valve, the forerunner of larger types to be 
developed. It has an indirectly heated cathode, rated at 
4 volts, 1*3 ampere. The anode rating is 1,000 volts peak at 
0*5 ampere mean current, or o *6 ampere peak current, and its 
gnd-control ratio is 25-30. The voltage drop across the valve 
in ordinary operation, and in all valves of this character, is only 
about 1 5 volts, and is practically independent of the magnitude 
of the anode current. It is for this reason that the efficiency 
of the gas-filled relay is so high. Finally, it is necessary to see 
that the cathode is heated to its proper temperature before 
any anode current passes. This precaution, which must be 
taimn with all hot-cathode gas-filled tubes, prevents destructive 
bombardment of the cathode by positive 10ns. 

nw Yitemins ol Taast (7. G.) 

The division and subdivision of the vitamins which has 
been found necessary in order to explain experimental results 
has resulted in a scheme of classification in which there are not 
a few inconsistencies, and any communication which helps to 
clarify the position must be welcome. A recent paper, by J. C. 
Drummond and J. M. Whitmarsh, in the Journal of the Institute 
of Brewing (1932, 88, 264), falls into this category so far as the 
“ yeast vitamins ” are concerned, for in addition to their own 
experimental work, the authors give an excellent tabular 
summary of present views on the subject. 

It appears fi'om this that there is evidence (though some- 
times incomplete for the existence of no less than five B- 
vitamins, viz, : Bi, the anti-neiu-itic vitamin of Eijkmann, the 
vitamin-F of Sherman, or the anti beri-beri vitamin. B», the 
anti-dermatitis, or anti-pellagra vitamin of Golberger, Sher- 
man’s vitamin-G, or Funk's vitamin-D. B,, the “ pigwn- 
factor,” so-called because it differs from Bi and B«, in that it is 
not ret^uired by rats for growth, but is necessary for pigeons. 
B«, which was originally confused with Bt, since it is required 
both by growing rats and pigeons. B,, which is probably also 
required by rats, thoimh the evidence for its existence is 
incontplete (cf. Peters, Journal of State Medicine, 1930, 88 , 20). 
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This summary is an indication of the complexity of the 
subject. Of the five vitamins mentioned, however, only & 
and can be considered as separate entities, the existence of 
which have been definitely established. The authors have 
therefore confined their tests to these two factors, and have 
used youi^ rats fed on a basal diet of caseinogen, starch, salts, 
and cod-liver oil free from either of the vitamins. Bi and/or 
Bt was added as required in the form of treated yeast (cf. 
Peters, loc, cii.) after several weeks, and the effects on the 
growth-curves were noted. 

In confirmation of the results obtained previously, it was 
found that careful drying of yeast at 40-50® C. under reduced 

E ressure does not appreciably destroy either vitamin, and tlmt 
rewer's yeast is a much more valuable source of these vitamins 
than baker’s yeast. The most important conclusion reached, 
however, is that certain yeasts (e.g. S. logos) will synthesise 
both vitamins when grown on an artificial dextrose-salt medium. 
On the other hand, a strain of 5 . cerevisite would only grow if 
" bios ” (in the form of malt extract) was added to the fliedii^, 
and there was then a decrease in JSj-content accompanied, 
possibly, by an increase in B|. It is concluded that adsorption 
and absorption from the surrounding medium are largely re- 
sponsible for the Bi-content of yeasts. 

ftas Psostrstion ol Sobiiioiis into Wood (J. 0.) 

The passage of solutions, particularly those containing 
electrolytes, through wood or other cellular compounds is of 
considerable importance, for not only does it shed an interesting 
light on the structure of the medium, but, so far as wood at any 
rate is concerned, it is of conunerdal significance in connection 
with the paper-pulp industry and furniture-staining. It is not 
surprising therefore to find several p^ers on the subject in the 
1933 issue of the Proceedings of the Canadian Pulp and Paper 
Association. 

R. Richardson (p. 49), for example, has studied the major 
phenomena which occur when White Spruce (Picea Alba) is 
munersed in 4 to 5 per cent, solutions of sodium hycfroxide and 
hydrochloric add, and in eguimolecular mixtures of the two 
^t.e. 7 pa* cent, sodium chloride) from the points of view of the 
influence of the nature and concentration of the electrol}rtes and 
non-electrolytes present, the temperature, and the shape of the 
test-sample of wood. His results indicate that on immersion 
of the wood there is, firstly, a gradual diffusion o£ the whole 
sdiution into the sulMtance (known technically as penetration) 
which is followed by, or perhaps proceeds simultaneously sdth| 
ordinary adsorption. 
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The author is careful to distingubh between the terms 
sorption, adsorption, and absorption. Sorption is used to indi- 
cate loss of substance from the surrounding solution, irrespective 
of the nature or mechanism of the process, and this may occur 
dther by adsorption (*'.<. by surface condensation), or by 
absorption, which corresponds with an even distribution 
of the sorbed material throughout the solid, whether as 
the result of solid solution or actual c6mbination. There 
seems to be some real justification for these fine terminological 
distinctions. 

J. W. Sutherland {ibid., p. 52) has, on the other hand, 
attacked the problem from the point of view of the effect of 
pressure on the impregnation of the heart- and sap-woods of 
White Spruce, Red Pine, and Balsam, a chip of the sample being 
held in a clamp under suitable conditions of temperature and 
pressure, while a measured amount of liquid is passed through 
it. Curves show that the rate of penetration in unseasoned 
wood increases with the pressure at a greater rate than fpi 
seasoned woods, probably on account of the greater elasticity 
of the pit-membrane in the former case. Poiseuille’s law is not 
followed once the membrane-pores are stretched beyond their 
elastic limit. 

Temperature (50® to 1 50® C.) alsoancreases the rate of pene- 
tration (of water) to an extent which is greatest at the mgher 
temperatures ; when the viscosity of the water increases, the 
pores become enlarged, and the resins and gums deposited on 
the membranes are softened. It may even be that gums and 
resins are removed under these conditions (i.e. above 70® C.), 
for the wood is rendered more permeable when it is eventually 
brought back to 20® C. Finally, it was shown that the rate of 
penetration of acid is greater than that of water at first, and 
then slower, the reverse being the case for alkali. 

nt Youiul of Anhiial BoolmBPf* VoL 1, Vo. 1. Mv 1938. {h T. 
lanndm.) 

The British Ecolo^^cal Society, finding the numbers of 
papers dealing with animal ecology too great for publication in 
the Journal 0/ Ecology, has decided to make adequate provision 
for these paj^rs by the establishment of a new jouri^l, The 
Journal 0/ Animal Ecology, the first number of which ^s 
just been issued. This journal will publish papers dealing 
exclusively with animals (such as population and migration 
studies and allied problems) and with methods of research 
having reference immarily to animals. On the other hand, 
comprehensive biological survey papers, dealing both with 
pfatuts and animab, t^l appear as heretofore in the Journal of 
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Eeohgy. One of the objOcts in starting this new journal is to 
centralise, to some extent, the widely scattered literature of 
animal ecology, and, with this aim m view, summaries and 
abstracts of relevant papers published in other journab, 
together with short notes and reviews, will be published in the 
Journal of Animal Ecology. There will be two numbers of the 
Journal each year, pubUshed in May and November ; the 
subscription is 305. per annum (25s. for members of the Brituh 
Ecological Society). 

The first number of the Journal of Animal Ecology contains 
papers which relate chiefly to animal populations. The editor. 
Diaries Elton, contributes an interesting paper on “ Territory 
among Wood Ants {Formica rufa L.),” the observations which 
form the basis of the paper being made on an isolated com- 
munity of these ants in a bird sanctuary in Hampshire. Each 
ants' nest had a distinct territory, containing certain trees and 
shrubs, on which lived almost pure cultures of aphides. These 
aphides were tended by the ants for their secretions. Track- 
ways led from the nests to the trees harbouring the aphides, 
and it was noted that there was no communication between the 
trackways of neighbouring nests, nor was there normally any 
hostility between the immunities, except for occasional 
destructive raids. One TOst was observed to split into two, 
without any nuptial flight, and the original territory of the 
nest was divided into two. The main check on the Wood 
Ants was the Green Woodpecker {Picus viridis), but the ants 
themselves keep birds away from trees, and the owner of the 
bird sanctuary has since destroyed the ants’ nests, as the ants 
were found to attack the nestlings of the Willow Wren. 


Xto food Lsvwiigalioii Boaid 

The Report of the Food Investigation Board for the year 
1931 records advances in the study of the scientific aspects of 
the storage of practically all varieties of food-stufis — meat, fish, 
fruit, dieese, eggs, etc. Evidence of the general progress the 
work has made recently is shown in the increased importance 
now being attached to the more " subtle properties of fres^ess” 
in food. Thoi^h refrigeration has provided the general 
empirical solution of the problem of providing our food 
supplies, " our knowledge, especially on the biological side, 
is as yet wholly inadequate to ensure that th^ su^le 
properties of freshness are sufficiently conserved, even over 
comparatively short periods. This is a state of affairs," the 
Report states, " which research can remedy and it is, in fact, 
dcn^ so." 

Ilius, increasing attention is being paid to the effect of 
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methods of preservation on the vitamins, whose presence in 
food'Stuffs, as demonstrated by Sir Gowland Hopkins, is essen- 
tul to life. For example, it lias been shown that fmh sheep's 
liver contains an appreciable amount of vitamin C, but storage 
in the frozen state at — 19® C. for six days reduced the anti- 
scorbutic activity, and the activity was further reduced when 
the storage was prolonged for six months. With Cox’s Orange 
Pippin apples the deterioration of the vitamin C content was 
definitely more marked when stored at 10® C. than at i®C., 
though in the case of Bramley’s Seedlings, by far the most 
important English cooking apple, the difference at these two 
temperatures was not significant. There is only a very slight 
loss of vitamin C in Bramley’s Seedlings frozen and stored at 
— 20° C. for several months. 

A considerable amount of work has been carried out on the 
determination of vitamin A content of fish-liver oils. The 
variations from one species to another were found to be ve^ 
great. Thus haddock-liver oil has only an average vitanun 
potency of 1*5 units, whereas that of halibut-liver oil varies 
from 1 50 to 750 units. An average cod-liver oil has a potency 
of about 10 units. 

Considerable progress has been made in the work carried 
out in the experimental ship’s hold at the Ditton Laboratoiy, 
which is constructed so as to enable experiments to be carried 
out on the control of temperature, humidity, and the composi- 
tion of the atmosphere during the bulk storage of food-stuffs 
which react with their environment. The scale on which the 
work is done is such as to yield results capable of immediate 
practical application. Co-operation in this work with the 
Empire and the shipping industry has been deepened and 
widened by the formation of a Consultative Group, including 
representatives of the Dominions, India, the Colonial Offiw, the 
Empire Marketing Board, and representatives of the Shipping 
Lines. 

The first stage of research relatii^; to the possibility of 
importing mild cured bacon from the i^uthem Dominions has 
been completed. It has been shown that the transport of un- 
smoked, mild-cured bacon from Australia and New Zealand is 
impracticable under existing commercial conditions, since the 
&t becomes rancid after less than two months' storage, even 
if a temperature as low as — 10® C. (14® F.) is used. On the 
other hand, carcases of frozen pork can be successfully trans- 
ported and used as pork or for the manufacture of bacon, and 
New ^Zealand now furnishes laiger sullies of frozen pork than 
any other country in the world. Though mild-cured green 
ba^ cannot be successfully transported from Australia and 
New Zealand under existing conmtions, a search for new 
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methods is beiw made and encouraging preliminary results 
have been obtained with gas storage. 

The possibility of drawing on Empire meat sources for the 
production of medicinal preparations is suggested in the 
Report, which states : 

“ At present, the Dominions supply only a negligible frac- 
tion of the animal tissues imported for the preparation of 
medidnal products. Provided certain precautions are taken, 
some of these tissues at least can be carried quite satisfactorily 
in a frozen or desiccated condition, and the possibilities of 
utilising the large supplies of animal glands available in New 
2 ^ 1 and and Australia are being investigated.” 

The necessary manufacturing conditions can be complied 
with if, at the producing end, the collection of the glands can 
be oiganised and a method of quick freezing used. 

The Report summarises as follows the progress on the 
preservation of fruit and vegetables by freezing. 

” Work on the preservation of fruit and vegetables in the 
frozen state has continued. The method of preserving peas 
by freezing them at — lo or — 20® C,, after partial cooking, has 
been improved, and the principle extended successfully to 
runner l^ns, potatoes and, less successfully, to asparagus. 
In the case of fruit, it was found that raspberries stored at — 10® 
or — 20® C. without previoris heating were, when thawed, 
^fect in colour and ^vour, and scarcely altered in texture. 
Kaspberries thus lend themselves to storage, frozen in the raw 
state, better than any other fruit tried. On the other hand, 
certain fruits, like plums and cherries, if frozen raw, turn brown 
and develop an unpleasant flavour on thawing ; but tlus can 
be prevented by heating the fruit in syrup before freezing. By 
this means, products similar to canned fruit, and suitable for 
distribution in the frozen state, or for canning out of season, 
have been obtained. Quick freezing does not prevent browning 
in plums and cherries, and offers no advantage over the ordinary 
m^ods of freezing in air with any of the vegetables and fruits 
mentioned.” 

Some interesting information is contained in the Report on 
the smoke curing of haddocks and herrings under properly 
controlled conditions. Haddocks require seven hours in a 
smol^ atmosphere at from 80° to 90® F., with a relative 
huinidit3r below 50 per cent., to arrive at a ” finnan ” finish. 
Under similar conditions herrings did not reach the cured 
colour in ten hours. To bring out the oily finish which the 
market requires, it was necessary to raise the temperature to 
95® F. for a further hour, end then to 100® F. for a mial hour. 

” In ordinary commercial kippoii^;,” it is stated in the 
Report, ” the temperature is judged by the smoker, who con* 
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trob it by opening or shutting the doors of the kiln to let in 
more or less outside air, thus increasing or decreasing the com- 
bustion of the sawdust. The smoker may also damp down ^ 
covering up the smouldering heaps with fresh or sometimes 
with damp sawdust. The length of the [process, coupled with 
the uncertainty of a satisfactory result which attends “ rule-of- 
thumb ” methods of controf, are doubtless the reasons why so 
many dyed kippers are nowada3rs to be found on the market. 
If attention were given to the installation of efficient methods 
of controlling temperature and humidity in commercial smoke- 
kilns, something approaching uniformity of high quality should 
be obtainable with the fully cured, undyed fish.” 

Experiments with the new method of “ gas storage,” 
already very successfully applied to Bramley Seedling apples, 
have been carried out with other varieties of apples, with prars, 
and with bananas. Experiments have also been made on the 
prevention of mould growths on oranges by the introduction 
of crystals of ammonium bicarbonate into the storage chan^ber. 
These crystals by dissociation maintain sufficient ammonia in 
the atmosphere to prevent fungal growth. Investigations have 
also been carried out on the packing of New 2^aland appl^, 
the wastage of bananas, and on the abnormal ripening in 
England of South African Kelsey plums. 

HofM and News 

The honours list published on the occasion of the King’s 
b^hday contained the following names of interest in scientific 
circles : Knights : Dr. Robert L. Mond, prwident of the 
Faraday Society ; Prof. W. Wright Smith, Regius professor of 
botany in the University of Edinburgh. C.B. : Dr. C. V, 
Drysdale, director of scientific research. Admiralty. C.M.G. : 
Mr. H. E. Hurst, director-general of the Physical Department, 
Ministry of Public Worlte, Egypt. C.B.E. : Dr. Eleanor 
Constance Lodge, lately principal of Westfield College, Univer- 
sity of London ; Prof. R. G. Stapledon, professor of awicultural 
botany. University CoUege, Aberystwyth. O.B.E . ; m. W. G. 
Fairweather, director of surveys. Northern Rhodesia ; Mr. G. 
Shearing, principal scientific officer. Naval Signal School, 
Portsmouth. 

We have noted with great r^et the announcements of the 
deaths of the following well-known scientific workers during the 
^t quarter : R. H. Adie, of Cambridge, agricultural chemist ; 
Dr, William Bri^, founder of the University Correspondence 
CoUege ; Dr. G. K. Buigess, lately director of the United States 
National Bureau of Standards ; Sir W. W. Cheyne, F.R.S., 
surgeon ; Dr. C. Christy, naturalist and collector ; Prof. B. K. 



3»6 SCIENCE PROGRESS 

Emerson, geologist ; Dr. H. T. Ferrar, geologist ; Dr. J. G. 
Gerson, anthropolo^st ; Prof. J. W. Gregory, emeritus pro- 
fessor of j^lo^ in the University of GlMgow (by the over- 
turning of his canoe in the Urubamba River, Northern Peru) ; 
Mr. A. M. Lea, entomologist ; Sir Thomas Legge, late Senior 
Medical Inspector of Factories ; Prof. G. Lusk, For. Mem. R.S., 
of Cornell, physiologist ; Baron Erland Nordenskibld, Swedish 
ethnologist ; Mrs. Huia Onslow (Muriel Wheldale) plant 
biochemist ; Dr. W. Pember Reeves, at one time director of the 
London School of Economics ; Prof. Max. RUbner, of Berlin, 
physiologist ; M. Santos-Dumont, pioneer in aviation ; Mr. 
L. G. Sutton, seed specialist ; Prof. R. Thaxter, of Harvard, 
botanbt ; Sir Richard Threlfall, G.B.E., F.R.S. ; Sir William 
Willcocks, irrigation engineer. 

Dr. P. A. M. Dirac, of St. John’s College, Cambridge, ^s 
been appointed to succeed Sir Joseph Larmor as Lucasian 
professor of mathematics at Cambridge, and thus, at thirty 
years, occupies the chair to which Newton was appointed at 
twenty-seven, and which has been held by Barrow, Airy, 
Babbage and Stokes. 

Prof. J. E. Lennard- Jones, Melville Wills professor of 
theoretical physics at Bristol, has been appointed to the new 
Humphrey Plummer chair of inorganic chemistry at Cam- 
bridge. ftof. E. F. Burton has been appointed to succeed 
ProL J. C. McLennan at Toronto, and the Rev. J. P. Rowland, 
S.J., succeeds the Rev. E. D. O’Connor, S.J., as director of the 
StonyhuTst College Observatory. 

Lord Rutherford has been elected president of the Institute 
of Physics for the session 1932-33, Sir Samuel Hoare president 
of the British Science Guild, Prof. E. W. Merchant president 
of the Institution of Electrical Engineers and Prof. F. E. Weiss 
president of the Linnean Society. 

The Council of the Royal Society has elected Sir Henry 
Wellcome to the Fellowship of the Society under the Statute 
which empowers it to elect “ persons who . . . either have 
rendered conspicuous service to the cause of science or are such 
that their election would be of signal benefit to the Society.” 

Prof. F. E. Lloyd, Macdonald professor of botany in McCHll 
University, has been elected president of the Royal Society of 
Canada for 1932-33. The Fiavelle medal of the Society has 
been awarded to I^of. J. S. Plaskett for his work in astronomy. 

Prof. William Bulloch has been chosen to succeed the bte 
^ David Bruce as chairman of the governii^ body of the 
Lister Institute. 

Sir Aurel Stein has been awarded the gold medal of the 
Royal Asiatic Society for his explorations in Central Alia, 
Prof. C. G. Seligman, of the University of London, has received 
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the second triennial award of the Annandale medal of the Asiatic 
Society of Bengal for his work on the anthropolo^ of Asia. 

Prof. G. P. Thomson, of the Imperial College of Science, has 
been awarded the Howard N. Potts medal by the Franklin 
Institute for his work on the wave properties of the electron. 

The Council of the Royal Society has appointed Mr. C. N. 
Hinshelwood, of Trinity College, Oxford, and Dr. M. L. E. 
Oliphant, of Trinity College, Cambridge, to be Messel Research 
Fellows. Dr. W. Hume-Rothery, Iii!^gdalen Collie, Oxford, 
and Dr. A. J. Bradley, University of Manchester, have been 
appointed Warren Research Fellows. 

Beit Fellowships for scientific research at the Imperial 
College of Science and Technology have been awarded to ; 
Mr. R. M. Shackleton (University of Liverpool — geology) ; 
Mr. E. G. Jones (University College, Nottingham — ^>ectro- 
scopy) ; Mr. R. L. Rosenberg (University of Cape Town — 
quantum mechanics) ; Dr. O. B. Westcott (University Collie, 
Exeter — ^physical chemistry). 

The chief societies interested in physical science in the 
United States have co-operated in the formation of an American 
Institute of Physics. T^e Institute will undertake the business 
side of the publication of the scientific journals edited by the 
co-operating societies and will maintain an information service 
for the Press. 

A Chelsea Polytechnic Old Students' Association is to be 
inaugurated at a meeting to be held on November 4 next, on 
the occasion of the opening of the Polytechnic Extension by 
the Parliamentary Secretary to the Board of Education, Mr. H. 
Ramsbotham, M.P. Old Students wishing to be pr^ent at the 
meeting, or who desire particulars of the Association, should 
address communications to the Honorary Secretary, Chelsea 
Polytechnic Old Students’ Association, Manresa Road, Chelsea, 
S.W.3. 

The 12th Annual Report of the British Non-Ferrous Metals 
Research Association has just been issued. It is encouraginjg 
to note that despite the intense industrial depression this 
Association has received in subscriptions from its members a 
larg^ sum than in any previous year. The total income, with 
Government Grant, is over £25,000, and a very extensive pro- 
gramme of work is being carried out. The growth of the 
Association in recent years has been remarkable, but from the 
report it is obvious that great difficulties are still met with in 
fii^cing the research and other work which has been planned. 
Considering the large extent of the field of industi^ which is 
covered by thb Association, the present membership of 200 is 
nuidh too limited. The tangible results which can be shown 
faftiw been of great benefit to the engineering industries, but 
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those who tdihnately benefit as users of metals apparently 
pro'dde very little financial support to the Association, the sul^ 
scriptiotts coming mostly from the metal manufacturers them- 
selves. 

A section of the report deals with the future outlook and 
claims that even greater success would promptly accrue from 
the more intensive co-operation of existing members and from 
a moderate and steady increase in the funds available to the 
Association. Amongst new materials which have been made 
available to industry by the Association’s researches, the 
elastic “ Stayput " copper for locomotive fireboxes, the new 
ternary alloys for cable sheathing and water pipes and the 
aluminium brass condenser tubes, are of outstanding importance. 
The practical nature of the Association's work is indicated by 
the researches it has in hand on such subjects as the Frost 
Burstii^ of Water Pipes, the Effect on Health of the use of 
Alumimum Cooking Vessels, Bearing Metals, the Tarnishing of 
Metals used for shop fronts, etc., and last, but not least, the 
searching enquiries which it is undertaking for its members on 
the improvement of the efficiency of industrial production. 
TTie report deserves the attention of all concerned with the 
production and utilisation of metals, and can be obtained from 
the Association’s Headquarters, Regnart Buildings, Euston 
Street, N.W.i. 

We print elsewhere in these notes a summary of the Report 
of the Food Investigation Board for 1931, from which it will 
be seen that really notable progress is being made in many of the 
larger problems which the Board set out to solve. This being 
so, we venture to suggest that some consideration should be 
given to work which would be of direct assistance to the small 
consumer. Two or three years ago the Safety in Mines Research 
Board published at a low price two excellent brochures in- 
tended for the instruction of the working miner, and, as a start, 
the Food Investigation Board might well imitate this pro- 
cedure. For example, a booklet entitled Safety in Food nugfat 
instruct the housewife how to test whether her food sup^ies 
are fit for human consumption. What, for example, u the 
implication of the iridescence so often observed on bacon, 
ham, and cold beef? How long will cream sold in cartons 
undated but stamped For Immedicde Use remain fit for food ? 
How lo^ can one keep tinned foods — meats, Wt, fish, in the 
sealed tin and out of it ? Why do we eat well-hung game with 
impunity and not beef and mutton in the same condition? 
How can one distin^ish between a properly smoked kipper and 
the dyed variety— before cooking it ? Why are preservatives 
ferbioden, and what cheap methods are available to replace 
them ? It should be realised that the consumer is concmied 
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with the qualit;^ of the food which he or she purchases and 
not solely with its quality as delivered to the wholesaler or 
retailer. 

A pamphlet of the type contemplated above has just been 
l^blished by the U.S. De^rtment of Commerce with the title 
Se^ 4 ty for the Household (Circular of the Bureau of Standards, 
No. 397, sold by the Superintendent of Documents, Washington, 
D.C., price not stated — ^probably about as.). This treats in 
detail all the hazards which commonly arise in the home, 
classified as mechanical (falls, cuts, etc.), fire, gas, asphyxiation, 
electrical, lightning and miscellaneous (poisons, etc.). The condi- 
tions likely to cause accidents are discussed ; methods for 
remedying them pointed out, and the appropriate treatment, if 
injuries are incurred, described. Moreover, “ the general public, 
for whom this circular is written, is earnestly invited to corre- 
spond freely with the Bureau upon any phase of the subjects 
treated ”1 It b interesting^ to note that " the electrical wiring 
of residences is usually designed for use at no or 120 volts,” 
and not 220 volts, as is, unfortunately, the common voltage in 
England, and that ” house-wiring installations of recent date 
will have the circuits made up of white wires and black wires,” 
the white wire being earthed. The use of electrical heating 
pads and quilts is deprecated, and stress is laid on the need for 
proper insulation of the electrical installation in bathrooms or 
m any other situation where the user may be wet or in contact 
with water. One point which is heavily stressed b rather 
surprising, namely, that once the gas supply is shut off by 
closing the main cock at the meter it should never be turned 
on again by the householder. In fact, " this precaution is so 
important that in some cities even experienced gas fitters are 
not allowed to turn on the gas unless actually in the employ 
of the gas company.” 

^ The Annual Report of the Council for Scientific and Indus- 
trial Research of the Commonwealth of Australia for the year 
1931 should serve to dbpel any doubts the tax-payer may rave 
as to whether he is obtaining value for his money. Prickly pear 
has already been cleared from 3,000,000 acres of land, and an 
Act for the settlement of this land has been passed by the 
Queensland Parliament. Many millions of acres more ^ 
dbared in the next few years. The apple export trade will 
benefit to the extent of £100,000 per year as a result of the 
Council’s work on bitter pit. The banana industry has been 
re<«stablbhed ‘in New South Wales and Queenslano, following 
the dbcovery of a method of controlling bunchy-top disease. 
The development of an effective vaccine against black dbease 
in shecm will save £100,000 per year in Tasmania alone, and 
pvohaUy £1,000,000 in the whole Commonwealth. The dried- 
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fruit trade is making most successful use of the wtark carried on 
at the Viticultural Station at Merbein, and soil survey have 
already saved the Government large sums of money in the lake 
Albert district. Good progress is being made in the invest^- 
tion of blue mould in tobacco and the buffalo-fly and blow-fly 
pests in cattle and sheep are being attacked. These items form 
a small part only of the work of the Council, but they will 
suffice to show how valuable it is to the Commonwealth.^ 

A full account of the life-history of wood-worms is given in 
a booklet on Fumiiure Beetles, published by the British Museum 
(Natural History), Cromwell Road, S.W.7 (price 6d.). From 
the layman’s viewpoint the most interesting section of the ^ok- 
let is that dealing with the destruction of the pest. This is not 
easy even in raw timber and to free furniture or the woodwork 
of a house once it becomes infected is quite difficult, since most 
of the methods available involve the use of poisonous or in- 
flammable liquids. Good results may, however, be obtained « 

brushing with benzene, terebene or carbon tetrachloride. 
Tne Common Furniture Beetle, Anobium punctatum, frequently 
uses old worm-holes for egg-laying, and these should therefore 
be filled up with bees-wax and turpentine or " liquid wood,” 
tinted to the desired colour. The hquid should be applied 
about the middle of May at the time of pupation, and again 
at the end of July or early in August, when the young larvae 
have hatched out. Treatment at these periods for a number 
of years in succession should result in the complete eradication 
of the worm. All insect life is destroyed if the interior of the 
wood be heated to 1 30® F. 

The Bureau of Standards Journal of Research for June 1932 
contains a very interesting paper by R. B. Kennard, describing 
an application of the Zehnder interferometer for the deter- 
mination of the temperature of the air close to a heated surface. 
The research was undertaken to test the ” film ” theory of the 
transfer of heat from a hot surface to a gas in contact vrith it, 
and the results showed that the temperature distribution in the 
layer of gas close to the surface is not that indicated by the 
theory. In the May number of the same Joumcd, Heyl shows 
that the ” knife-edge correction ” for a pendulum eliminates 
itself in the case of a reversible pendulum carrying two planes 
which rest, in turn, upon the same circularly rounded knife- 
edge. 

The Indian Journal of Pf^sics, May 1932, contains an 
important paper by S. Bhagavantam, in which he presents, for 
the first time, the results of a complete study of the Raman 
spectrum of hydrogen. The relative intensities of the undis- 
placed spectrum line due to the Rayleigh scattering and of the 
various Raman lines were measured and the resdts compared 
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with the theoretical values obtained by Manneback from 
quantum mechanics. In certain cases there is a striking di8> 
agreement between the two values, but Bhapivantam and 
I&man show that this disagreement disappears if it be supposed 
that the photon behaves as a rotating particle possessing an 
angular momentum ± A/an. 

Messrs. Adam Hilger, Ltd., have recently put on to the 
market a “ Universal Double Monochromator ” for use in 
investigations requiring powerful monochromatic radiations. 
The instrument employs the principle of double spectroscopic 
purification of the radiation. Wave-length setting and focus- 
ing are simultaneously effected for the whole instrument by 
means of a single adjusting drum engraved to read in wave- 
lengths. The optical system is of crystalline quartz, and has 
an aperture of 6 cm. diameter. The range extends from 1850A 
in the ultra-violet to 4o,oooA in the infra-red, and means are 
provided for the attacWent of a sensitive thermo-element. 

Some ten years ago there was set up on Lough Derg in the 
River Shannon a Limnological Laboratory which did excellent 
work during its unfortunately short career. A first report was 
published by the Irish Fisheries Department in 1926, dealing 
with the seasonal distribution of the planktonic Crustacea ; a 
second report by the same authors, R. Southern and A. C. 
Gardiner, appeared this year (“ The Diurnal Migrations of the 
Oustacea of the Plankton in Lough Derg,” Proc. Roy. Irish 
Acad., vol. XL, Sect. B, No. 11, Dublin, 1932, price is. 6d.). 
This is a very valuable contribution to the much-debated ques- 
tion of the causes of diurnal migration, and is marked by 
thoroughness of methods and a judicial attitude in the interpre- 
tation of results. The observations were made continuously 
over a space of six days, six series of vertical hauls being made 
during each 24-hour period. Seven species were dealt with in 
detail, and where possible the material was separated out 
accor^ng to sex and size. In most forms there was the usual 
migration towards the surface during the night and a with- 
drawal towards the bottom in the hours of daylight. Large 
and medium-sized Daphnia hngispina, however, tended to con- 
centrate in the upper levels during the day, in contrast to the 
small forms of the same species, which came to the surface 
at night. In Cyclops siretmus the males always kept near the 
bottom. In all species considerable variations from day to day 
were found in the results. The authors rightly emphasise the 
need for observations lasting over several days at a time and 
repeated at intervals throughout a whole year ; it is also v^ 
necessE^ to separate out the sexes and growth stages, which 
nuty diner from one another in behaviour. The sources of 
eiror in the methods commonly used are still considerable, and 
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require further study. Discussinf the various theories put 
fonwwrd to account for diurnal migrations the authors find that 
there is none to which exceptions cannot be found. “ As soon 
as the sun sets, considerable migrations are underteken, the 
direction of which is reversed with the return of daylight. We 
have seen, however, that su(A simple hypotheses as the concep- 
tion of an optimum illumination, or the interaction of geotropism 
and heliotropism, may hold for some cases, but that they are 
not of general application. Either we must admit that the 
dependence of the observed movements on changes in the 
intensity of light is far less direct than would appear at first 
sight, or we must seek for explanation of the apparent lack of 

r ement between the results of different observers in the 
nee of precise information concerning both the environ- 
mental conditions and physiological condition of the animals 
themselves.” 

A. Farrington (R. Ir. Acad. Proc., vol. XL, 1Q31, Sect. B, 
p. 109) discusses the origin of the peculiar Loo valley of Co. 
Kerry. It is a through valley leading from the head of the 
Kenmare ria to the Killarney plain. Evidence is given of the 
existence of an ancient base-level in the district, now situated 
at an elevation of 500 to 600 ft. O.D. It is preserved in the form 
of benches or flats, particularly in the Clydagh and the Roughty 
valleys. At the date represented by this base-level, it is con- 
cluded that the Roughty, which now turns westwards into the 
Kenmare trough across the open mouth of the Loo valley, 
followed the line of the latter northwards, and was joined by 
a considerable tributary from the south-west through the 
Derrincurrig gap. Uplift initiated a new cycle of erosion, 
during which subsequent streams were developed on the soft 
Carboniferous sediments troughed into the Kenmare syncline. 
This led first to the capture of the stream flowing eastwards 
through the Derrincurrig gap, and later, at a comparatively 
recent date, to the capture of the Roughty. 

The paper is of interest in the comparisons it suggests with 
similar through-valleys in North Wales and Scotland, and also 
in its application of methods all too rarely used by workers in 
the British Isles. 

In a short note {Science, vol. LXXII, 1930, p. 3) W. S. 
Glock treats of ” The Dual Nature of Physiography,” distin- 
guishing between geo-dynamics— j-the study of the processes at 
wco'k, and geomorphology — ^the interpretation of surface con- 
juration or the results of the processes. There is little new 
in this, but it serves as an introduction to two further papers 
by the same author on “ The Development of Drainage Sys- 
tems ” (Ohio Jottm. of SU,, vol. XXXI, 1931, p. 309. Sum- 
mary in Geog. Review, vol. XXI, 1931, p. 475). In these 
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papm the. dynamic view>point is develcmed in a useful and 
mteresting manner. The development of drainage pattern is 
considered under the heads of initiation, elongation, elaboration, 
and integration. The emphasis throughout is on the streams 
themselves rather than on the valle3rs in which they flow, and, 
though the basic idea is not novel, its thorough working out is 
a distinct new contribution to the concepts and terminology of 
geomorphology. Briefly, the author describes a cycle, during 
the earlier stages of which the drainage pattern is complicated 
b^^ the eloi^ation of the initial streams and the growth of 
tributaries, while the later stages witness simplification through 
abstraction and piracy. An ideal diagrammatic summary of 
these stages of development is presented ; but it is supported 
by a selection of tracings of actual drainage patterns taken from 
the topographic maps of the United States Geological Survey. 


as 
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Tmm BoxAiv or oxnnoAi. skbbtoxiOot. By c. f. a. 

pAKTUt, M.A. Being a review of Ohemteil Embryology, by J. Nbbd* 

HAM, Pb.D. In tbree volumes. [Pp. 2021.] (Cambridge; at the 

University nress. Price £5 5s. net.) 

Probably the most serious question which faces those engaged 
in scientific work to-day is the enormous volume of publication. 
Each year sees fresh journals, and there seems no prospect of a 
limit. That this is the inevitable consequence of the active 
advancement of science is obvious. But it has serious conse- 
quences for the scientific worker, because it becomes increasingly 
mfficult for him to be well informed of other sciences than his 
own — or even of work outside his own particular line of research. 
This is a very great danger, for it must tend towards the dis- 
integration of scientific knowledge as a whole. It promotes 
narrow specialisation, and renders ever more difficult that 
infusion of new ideas from without which is the original source 
of great scientific advances. The problem is too serious to be 
left unheeded. The publication of abstracting journals is of 
only limited help, for without detailed knowledge of the facts 
and an estimate of the validity of the methods used, the 
conclusions of a research are ambiguous, and may be of little 
value. 

But the main source of help for the research worker must be 
in the publication of comprehensive books. By collecting the 
available information in encyclopaedic form it is made far more 
readily available. It is here that work such as Ifr. Needham's 
Chemical Embryology is of immense value. He has succeeded 
in accomplishing a colossal task which few could undertake, 
and he h^ done it well. The book is not only exhaustive, but 
it is well arran|;ed, and, possibly the most important of all 
considerations, it is well written. Many such worla fail in 
that they become mere catalogues of unrelated data ; this is 
certainly not true in the present case. 

The book is in three volumes and contains some 2,000 pages, 
including a good index and nearly 7,000 references. In the 
first volume the author shows that chemical emluyology may 
be considered a definite branch of science and traces the 
philosophical implications of its pursuit. This is followed by 

334 
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«a aoconnt of its historical origins. The rest of the book deals 
with every aspect of the subject. The unfertilised egg is first 
considered as a physico-chemical system, and it is refreshing to 
find a book dealing with the egg and embryo which commences 
bV ^ving all the information at present available as to the 
physical and chemical nature of the system we are considering, 
^en follows a section on the conditions of increase of size and 
weight in the egg and embryo. One is impressed by the com- 
parative lack of success obtained through the interpretation of 
growth curves by means of simple assumptions, wmch take no 
account of the fact that in the growing embryo the whole 
system is itself continuously changing in nature. Perh^s 
tne most interesting section in the whole book is that “ On 
increase in complexity and organisation." It contains, among 
other things, an excellent essay on the significance of axial 
C^adients. The author demonstrates the impossibility of rela- 
ting these to a generalised " metabolic rate," but draws atten- 
tion to the great significance of the gradients themselves. 
Whatever the interpretation of these gradients may be, the 
theory put forward by Child, that gradients of differentiation 
exist, was one of the first theories in this field that led to 
predictable results. 

The study of chemical emb^ology is itself still in an em- 
bryonic condition. To the reviewer nothing makes this more 
apparent than the fact that in a comprehensive work such as 
tms only some four pages can be devoted to the relation of 
chemical embryology to genetics. One feels that in twenty 
years’ time this section may indeed increase till it is com- 
parable in size with the rest of the book. Never was there 
a clearer and more promising field for attacking the problem 
of the physical and chemical origins of growth and differentia- 
tion. 

These sections conclude the first volume. The second 
volume deals more specifically with the biochemical aspects of 
the and of the embryo. Chapters on the heat production 
and rate of respiration of the embryo are followed by an 
account of its salt and water regulation. One of the most 
important conclusions which emerge from this work is that 
th«e is a i»rogressive increase in control by the embryo of its 
internal physical conditions. This control unfolds itself con- 
currently with morphological differentiation. The develop- 
ment of such powers of regulation has played a vital part in 
the evolution of the more successful groups of animals, and the 
manner in which these powers are acquired during development 
provides a study of prime importance. 

The most remarkable feature of development has always 
been teoognised as the great and detailed complexity of the 
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adult oi|;aiiism compared with the physical simplicity of the 
egg from which it arises. Despite tiub the adult compleidty of 
structure and function must in some way be reflected in the 
physical organisation of the egg. Its simplicity is deceptive, 
and has led investigators to treat it by methods apph(»ble 
strictly speaking only to homogeneous systems in equilibrium. 
This is far from implying that such a method of attack is wrong 
and cannot jrield valuable conclusions. In the absence of other 
data, it is essential, first, to determine how far the simple rules 
of homogeneous s}rstems apply to the cell, and wherein they 
break down. This is true even though we have every reason to 
suppose the cell is a very complex system. To answer all such 
attempts by the assertion that cell activities are certainly so 
complex that such simple rules may not apply is to close the 
door to all further investigation. Provided that the inadequacy 
of hypothesis is alwa3rs borne in mind during experimentation, 
it may ^eld very valuable results. 

This is very well shown in the recent attempts to determine 
the pH and rH of the cell interior. The determination of rH 
presupposes that the system is homogeneous and in equilibrium. 
Attempts to determine the oxidation-reduction potential of the 
cell interior show that this is far from true within the cell. 
Photosynthesis with the production of oxygen may be taking 
place simultaneously with the active reduction of many dyes 
which cannot remain in equilibrium with a positive oxygen 
concentration. But such attempts have extended greatly our 
knowledge of oxidation within the cell, and we are left with a 
picture of a system in which intense reductions and oxidations 
may be simultaneously taking place more or less independently 
with no approach to eijuilibrium. It is work such as this that 
gives us the first insight into the physiological complexity 
which may underlie the apparent simplicity of the e^ cell, and 
on which its powers of development and differentiation must 
ultimately depend. 

The major part of the book consists of a series of sections 
each dealing comprehensively with the various aspects of the 
metabolism of the embryo. There are sections on carb^ 
hydrate, fat and protein metabolism — ^fields in which the 
author has recently made valuable contributions himself. 
Others concern the r 61 e of enzymes, hormones, and vitamins 
in ontogenesis. 

One of the most interesting conclusions which emerge from 
recent work on the metabolism of the egg and embryo is that, 
concurrently with morphological differentiation, there are se- 
quences of physiological processes. In the hen’s egg, the major 
substances metabolised are successively carbohydrate, followed 
by protein and then fat. Nitrogen excretion takM place 
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•uccessively througih the stages of ammonia, urea, and uric add 
production. The importance of such sequences is very great, 
and the author discusses them in a series of essays in the 
epil^omena. He suggests that there may be an explanation 
of these sequences in terms of recapitulation. This is a very 
interesting suggestion, but to the reviewer it seems a rather 
dango'ous one. The data of chemical embryology are at 
present derived too exdusively from the Vertebrata : we owe 
too much to the mammal, the hen, and the frog, and not enough 
to members of other phyla of the animal kingdom. The danger 
of this stress upon vertebrate development rests in the fact it 
supports a tendency to consider members of other phyla as 
providing examples of a series decreasing in ph3rsiolo^cal per- 
fection as their phyletic relationship to man becomes more 
distant. In the pig embryo various nudeases appear in 
sequence — ^none — guanase — adenase — xanthine oxidase. But 
one feels very uncertain of the argument that '* There is thus 
some relation to phylogenetic order " on the evidence that 
guanase alone is found in the yeast cell, while in the mollusc 
Sycohpus, only guanase and adenase occur without xanthine 
oxidase (cf. pp. 1 338 and 1643). A yeast cell, a gasteropod, and 
a mammal have traversed long and very different evolutional 
histories. To-day each is adapted to its own very spedau 
environment. How can the physiological systems of two adult 
organisms phyletically unrelated to the vertebrata give evidence 
of the physiological phylogeny of a mammal ? At some future 
time, when the generalisations of comparative physiology are 
far more advanced than they are at present, it may perhaps be 
possible to deduce rules to which any organism must conform 
during its physiological evolution, but tlmt time has certainly 
not arrivedf yet. 

But though the reader may be tempted to disi^ee with 
some of the suggestions put forward at the conclusion of Dr. 
Needham’s book, this only serves to show how stimulating these 
essays are. It is the great merit of this book that it is not only 
thorough, but that also the author has had the courage to 
attempt to weave the evidence into a consistent scheme from 
whence general condusions may be drawn. 

The book is very dearly printed, with good diagrams. 
Either because of the great care exerdsed in preparing it or 
because of the interest of the matter the reviewer has failed to 
detect any misprints. The price (£s Ss.) is not unreasonable 
for a work such as this, and, despite its laige size^ one hopes that 
the book will find its way to many individual biologists as well 
as to libraries. Few will not find new and interesting mattv 
even in those fields which they consider to be espeduly their 
own. 
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By J. G. F. PitPC« ,_M.8c. , 
R.M’Et.Dirk IM iig a toviAw of Ittioihv Ml MmiHChI lil fcvM BttMlili 
by J. G. CxowTHBR. ppp. xii + 94.] (L«»de«; wSkttB H rinwn ai m , 
1933. Prio0 6d .) 

Although a more general interest is now being taken in 
Russian affairs, and consequently in the position of Science 
Education in that country, Russia's vast area and its population 
ot some 160 million souls are not always appredated. Many 
parts of the Soviet Union possess rich mineral deposits which 
nave hitherto been but little developed. The much-discussed 
P'aHktka, or Five Years’ Industrialisation Plan, was an attempt 
to remedy this, and undoubtedly some such scheme was essen- 
tial for the development of the country, if not for the veiy 
existence of the State, under whatever regime it was ruled. 
The success of the plan depends upon the labours of skilled 
engineers, chemists, and other qualified spedalists, of whom 
tho’e is an acute shortage in Soviet Russia to-day. This is not 
to be wondered at, when it is remembered that something like 
80 per cent, of the people were illiterate before the war. Hence 
an extraordinary attempt has had to be made to produce a 
comprehensive educational system, and to train as many 
students as possible in the shortest possible time. 

Great extensions in educational facilities have, of course, 
been made by other " new ” countries. A similar development 
has, for instance, been necessitated in Czechoslovakia, where 
new universities and institutes have been opened, although here 
attention was first concentrated on primary and secondary 
education. In the extreme east of Czechoslovakia, in the 
province of Sub-Carpathian Russia, where in 1918 there were 
also 80 per cent, of the population unable to read or write, great 
mogress has been made even by following orthodox methods. 
In Soviet Russia it would seem as though the authorities were 
anxious to impart a knowledge of, say, the calculus to pupils 
who were as yet unable to solve a quac^atic equation. 

Concerning Russia and Russian science, much has been 
written, but few writers are better qualified to explain the 
situation in that country than Mr. &owther, who has paid 
recent visits to Soviet Russia, and really has first-hand know- 
ledge. A little while ago his Science in Soviet Russia was 
pucuislMd, and now his Industry and Education in Soviet Russia 
has appeared. In this book the author presents a clear picture 
of what Russia is doing to-day in the scientific and educational 
fields. He presents the facts with a very mini mum of propa- 
ganda for or against either the political or the educational 
policies of the authorities. It wifi be seen that many costly 
mistakes have been made, but there can be no doubt oonceming 
the magnitude of the efforts exerted by those carrying out the 
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edneatiojBd prognuBome, nor can the remarkable enthusiasm of 
the students be gainsaid. The students, be it noted, receive a 
wage," and are therefore independent of parental supptxt. 
No less than 40 per cent, of the technical education estimates 
are for students’ emoluments, and in addition to this, the 
factories associated with each " technicum " make provision 
for further support. 

Mr. Crowther explains that Soviet technical colleges are 
organised on the monotechnic principle. Polytechnics have 
been dissolved into groups of monotechnics, which helps to 
account for the large number of colleges with courses of univer- 
sity standard. The main classes of technical institutes are 
similar to the largest British technical colleges and the German 
Technische HochsekuUn. Of these there are 188 now in exist- 
ence, so that there is approximately one for each million of the 
population, a higher ratio than obtains in the British Empire. 

The second type of technicum (of which there are 663) 
corresponds more closely to our polytechnics. There are also 
secondary schools with a definite technical bias, where secondary 
education is combined with specialisation in the needs of a 
certain industry, e.g. textiles. Besides these, there are the 
" Rabfacs," or " workers’ faculties,’’ for the education of adults 
from eighteen to thirty years of age. Students here are ex- 
pected to leave at the end of four years Awith a knowledge higher 
than matriculation standard. In the actual methods of teach- 
ing Mr. Crowther states that he saw nothing startlingly new. 
Innovations were apparently nothing more than variations or 
extensions of methods in use elsewhere. He reports, however, 
that there were at least two college laboratories better equipped 
than anything of the kind in Britain. They were for the 
technology of artificial silk and machine tools. It appears that 
at times the population is being pitch-forked into new factories 
and institutes, and told to get on as best they can — an expensive 
method of teaching, but one which it is hoped will educate the 
students to their responsibilities. 

Not the least valuable part of Mr. Crowther’s survey of 
Russian technical education is that giving statistical informa- 
tion and the detailed syllabuses of the various types of college 
and technicum. If everything is carried out according to plan 
there should be rapid progress in technical and scientific educa- 
tion in Russia in the near future. Cut off from the rest of the 
world as she has been for the last decade or more, Russia is, 
nevertheless, not entirely independent of other countries. 

' Specialists from America and Germany in particular have con- 
tributed towards the construction of new undertakings, whilst 
tiie purchase of essential emiipment, both industrial and educa- 
tiotud, has had to be made from abroad and paid for by exports. 
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Hie ^erol eoanomlc demession over other countries must 
have Its ropercussicms on Russia and inevitably tend to dow 
down developments there. In any case, however, Russia is so 
large and the Russian people are so numerous that the rest of 
the world cannot ignore them for long. 

Principal B. Mouat Jones, of the Manchester Collie of 
Technology, who accompanied Mr. Crowther on the occasion of 
his last visit at the invitation of the Supreme Economic Council 
to advise on matters of technical education, has contributed an 
Introduction to Mr. Crowther’s book. He points out that 
whether *' the experiment in industrialisation on Socialist lines 
now proceeding m Russia turns out to be a complete or a 
partial success, whether one believes in or distrusts the political 
theory behind it, there can be no doubt about its importance 
and interest. One of the great obstacles to its success, perhaps 
the greatest, is the serious shortage of trained industnal 
personnel of all grades at present in Russia. The educational 
efforts being made to meet this shortage are immense ; a first- 
hand account of them is given by Mr. Crowther in this book, 
which can hardly fail to be of interest to any who are anxious 
to know what is going on in Russia. . . . The quite unpre- 
cedented magnitude and intensity of the effort cannot fail to 
produce results of importance.” 
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MATXBMATZOS 

Mattimnattnal TaUei. Vol. I. [I^. xsjcv 72.] (London : Office of the 
British Association, X93X. Price 10s. net.) 

It has been intended for some time to reissue as a collection the various 
mathematical tables that have been published from time to time by the 
B.A. Committee for the Calculation of Mathematical Tables. When it came 
to the point, however, it was found that many of the functions had gaps in 
the ranges covered by the arguments, and co^derable additional computa- 
tion has been needed to fill these in. DiiQFerences were not usually given in 
the original tables, but have now been provided. The tables are to ten or 
more figures, and interpolation is possible to the full accuracy of the tables 
themselves. The authors have been numerous, R. A. Fisher, L. J. Comxie 
and J. Henderson being specially prominent. Everett’s interpolation formula 
is recommended, which avoids the need for printing any but even dififerences. 
The Bessel functions are reserved for a further volume. Perhaps the reviewer 
ma^ es^iress at this stage the hope that when they are done, the Airy integral, 
which IS a most important function in its own right, may be tabulated 
directly and not by way of Bessel functions of order J. 

Circular functions are given of angles in circular measure, hyperbolic 
functions, and the £i, Ci, and Si functions. One misses in the £i fui^tion a 
remark that the principal value of the integral has to be taken for positive 
values of the argument. The factorial function and the integrals and deriva- 
tives of its logarithm are given by A. Lodge and J. Wishart. The last table 
gives the Hh functions, which are simply related to the error function and its 
hitegrals and derivatives. The fundamental definition is 

In comparison with the standard notation this seems to have an advantage 
and a defect. The factor | might have made it possible to read ofiE direcUy 
from the table the probability of an error exceeding a given multi|de of tk» 
standard error, without the usual application of the ^tor ^2, But this 
caxmot be done from the tables as printed, because Hhc(o) is not x but 
(|fr)i. Further, all these functions are coxmected immediately with the 
solutions of various problems in heat conduction, diffusion and viscosity, 
dmoted operationally by but the application would have been made 

much more direct had the factor {2/n)i been applied throughout. 

Special mention must be made of the extraordinary care taken in checldna 
and proof-reading, the whole of the tables having been stereotyped and 
pixx>x-read afterwards. Haroxj) Jbffrsys. 

AKBOVOICT 

halttooMIfx By Forbst Ray Moulton, Ph.D., Sc.D. [Pp. xxiii + 549, 
wi^ numerous diagrams and photographic illustrations.] (New York : 
The Macmillan Company, X93X. Price x8r. net.) 

Dr. Moulton has essayed the difficult task of providing in rather more than 
500 pages a deseriptive astronomy suitable for three distinct purposes. For 

34 * 
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•ttdbi u mt urpdim he has c m tat a nding gifts, and it oan be said idthout best* 
tatkm ttMt hde is a tesctbook eminentiy soitabla for the eSementssiy student, 
an admirable account of present-day astronomical knowledge calculated to 
appeal to the more general reader, and a handy reference volume from which 
rdlable and up-to-date information can readily be obtained. This book will 
bear comparison with any of the numerous similar works issued from the press 
in recent 3rear8, and in some wa3r8 it transcends them all. 

From the point of view of a textbook the arrangement is excellent, for the 
student is led by easy and natural stages from the earth beneath his feet and 
the well-known constellations above his head to the confines of the visible 


universe and the latest theories of its form and structure. Among other 
fsatmes, the book contains a useful set of star charts, short but clear descrip- 
tions of the instrumental equipment of the astronomer and his methods of 
work, adequate summaries of what is known about the sun, moon, smd 
planch, and two final chapters, comprising some 130 pages, which are de- 
voted to the stars, the nebulas, and the sidereal structure. Special interest 
attaches to the chapter on the ** Evolution of the Solar System,'' a subject 
in which the author is peculiarly at home. Laplace's Nebular Hypothesis 
and the fundamental points in which it fails, the Planetesimal Hypothesis 
of Chambeilin and Moulton, the Encounter Theory of Bickerton, and the 
Tidal Theory of Jeans are all clearly outlined, and their advantages and 
difficulties explained. The author obviously has a personal leaning towards 
a system of alternate decline and renewal, in which the sun first radiates 
away a portion of its mass and then renews its youth by passing through a 
re^on in space rich in scattered nebular or meteoric material. His preference, 
uiuike that of Eddington, is for a cyclical and eternal system, ever changing, 
but, on the averse, always the same, though he fully recognises that dynam- 
ical and other difficulties make the formulation of such a theory at present 
unsatisfactory. 

Dr. Moulton has the ^at advantages of a comprehensive knowledge, a 
long experience of teaching, and a sound and conservative judidal mffid. 
His insistence on the necessity for proving all things, and for regarding very 
little of our present knowledge as absolute and final forms a welcome contract 
to the dogmatic statements of some writers concerning their own pet 
h3rpothe8es, investing them with that ultimate truth for which man ever 
smves, but to which he never attains. 

The value of the book to the student is increased by the numerous lists 
of questions offered for his solution, and the suggestions for further reading 
and reference. It is well illustrated, bound, and printed, and there is an 
adequate index. 


There are numerous small errors which have evidently escaped attention 
during the correction of the proofs. Examples of these may be found on 
p. 65, U. 17 and 34 ; p, 93. 1 - 12 ; P- 128, 1 . 8 ; p. 171, 1. 9 ; p. ,34. 
L « ; p. 337. 1- 21, etc., etc, ^ ^ 


tigliail tram tiw fttin. By Gborob Ellery Hale. [Pp. xx + 138, with 
36 illostratioiu.] (London: Charles Scribner's Sons, 1932. Price 
7(. 6d. net.) 

Dnxmo recent yesxs Dr. Hsle bss contributed numerous scientific srtides to 
Scribner’s and Harper's magazines which have been collected, 

S i n d revised, and issued in bwk form under arresting and attra^ve t i it ifff . 
The present volume is the fourth of the series, and deals with the devdopmaat 
sad mriher possibiUties of the telescopes and their accessory instruments by 
efiiicb the sunals from the stars are received and interpre t ed. Dr. Hale’s 
edsatific emuience, his literary gifts, sad his dariiy of style are too well 
knowa to aeed further emphasis. Tire sebievementB ai the Mount Wllaen 
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ObMmtorjr and the »atiiar*f own tm inttmineiits* tbe epectn^beliogfap^ 
and the tp^c^acAkti^^ naturally receive special attention. The M 
chapter* doaerihing the plans for the constmction and location of the pro- 
ject sroo^inoh reflector, is fuU of encontagement for the ultimate success of 
tl^ great enterprise. It is not easy even to imagine the possibilities of su^ 
an instrument* fully ten times as powerful as t^ Hooker loo-inch* erected 
on an ideal site, and used in combination with all the chemical and physical 
research equipment of the Califomia Institute of Technology, An increase 
in the wptid of photographic plates will be as advantageous as a further 
increase in telescopic aperture, and improvements in auidliary instruments 
such as spectrographs, photoelectric cells, and bolometers are equally neces* 
sary for extending the range of the observations. Dr. Hale's projected 
alli^ce between the astronomer, the engineer, the optician, the ph^icist, 
and the chemist is certainly fraught with great possibilities, and his book will 
kindle enthusiasm in both scientist and layman. 

R. W. W. 


Tlie Kinetics of Homogenaons Oas Baaotions. By L. S. Kassxl. [Pp. 

330.] American Chemical Society Monograph. (New York: The 

Che^cal Catalogue Company. Ptice $6.50.) 

Tbzs is a book for specialists in chemical kinetics rather than for readers 
not already familiar with statistical mechanical reasoning and an outline 
of current views of the molecular mechanism of chemical change. But now 
that the book exists it provides so much valuable material that research 
workers in this subject probably agree that for them it has created its 
own necessity. 

Besides a short appendix on the defunct Radiation Theory and a table 
of heats of dissociation of molecules (with authorities) which have been used 
consistently in recalculations of experimental data in the text, the book 
consists of two parts : ** The plan winch has been adopted is to separate tl^ 
theoretical treatment almost entirely from the experimental data. This 
theory is presented in Part I, which occupies a little less than half of the entire 
book. It is preceded by an extremely condensed treatment of those portions 
of statistical mechanics which are most frequently used in the remainder ; 
for the complete understanding of this first part, however* a more thorough 
knowledge of statistical mechanics than can be obtained from the first chapter 
will probably be necessary. In the second part all of the experimental 
data available have been discussed. These data are grouped according to 
the general type of reaction involved ; in each case, an attempt has been 
made to state m the simplest postible language the results of the correspond- 
ing theoretical treatment It is intended that this second part shall be corn- 
pi^ in itaeli Throughout the entire book a critical attitude has been 
adopted • . . ; it is, of course* an essential duty of such a summary to 
point out those directions in which progress is most needed.*' 

The experimentalist will appre^te the first part of the book for the 
discussion of recent theoretical papers which are rather scattered in the 
literature; especially the sections describing tiie London-Polan^-Eyxing 
application of quantum mechanics (" The presentation which is given here 
doi$ not follow exactly that of London ; this is partly because London 
has never published a really full account, and partly in an eflort to arrive 
at a metiiod which will be clearer to the chemical reader; it must be supposed* 
of course* that even he has some knowledge of quantum mechanics '^) and 
Dr. Kassel's own work on tiie statistical consequences of making more detailed 
asmtaptiotti about the incidence of quantum restrictions in nnimolecttlar 
chanM* and ol taking into account tiie force fields of real gases in c a lcul a ting 
the friple collisions in kimolecular reactions. It must be said* however* 
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iJiitt itd 0 gperlmmitaJbrt may feel doobtfid wlieiher the qaantitatire imHi 
at pr ee e n t obtainable by direct meaenrement ot gas^teadaon rates will stand 
tbe strain of deciding for or against the hypotheses made. The author is 
critloal tferonghont, Imt relatively more so of the theories than of the experi- 
mental results to which they are applied. 

A great deal of careful work must have gone to the preparation of 
book, which will be appreciated by all who are interested & reaction IdnetioB. 
At the present rate oif publication in this field, the task of keeping the book 
revised will be an unusually heavy one, but it is much to be hop<ri that the 
autiior will find time lor this in the future, 

B. T. 

fhi Physical Signtfloanoe of the Qaantum Theory. By F. A. LxKDBMAMir, 

j^ofessor of Experimental Philosophy in the University of Oxford. 

(Pp. vii + 148.] (Oxford : Garendon Press, 1932. Price 75. fid. net) 

Tn reviewer was present at a recent after-dinner meeting when a well-known 
mathematical physicist was asked to name the books which he would recom- 
mend to students of physics and chemistry, who, while not being highly trained 
in mathematics, wished to obtain a sound working knowledge of the new 
wave mechanics. He promptly recommended C. G. Darwin's New Conceptions 
of Matter as a first introduction, Mott's Introdnction to Wave-Mechanics as a 
mathematical introduction, and, finally, a book by Frenkel, of which an 
English edition is shortly to appear, as a more profound mathematical treatise 
on the subject. 

The reviewer heartily commends this list, which should meet the require- 
ments of nearly all chemists and physicists. He would, however, most 
definitely recommend the addition of Prof. Lindemann's book to the list, for, 
while it not much in common with the other books, it does present a point 
of view which is of extraordinary interest, and, moreover, it presents it in surii 
a way that on reading it one obtains a feeling analogous to that experienced on 
taking a ** breath of fresh air." 

The main object of the Physical Significance of the Quantum Theory is to 
rob the theory of much of air of mystery which surrounds it. The 
quantum thec^ has been described as one of the fundamental laws of 
ffovemanoe of the Universe, and he finds it particularly interesting that, 
m Prof. Lindemann's view, the difficulties which we experience with the 
tiiiec^ arise simply because our mental conceptions of space and time axe 
insufficient for the adequate description of reality. 

Prof. Lindemann shows that our difficulties have arisen because it has been 
customary to employ one conjugated co-ordinate and to neglect the other. 
Thus, in forming a conception of distance, we fail to take into account the 
recoil produced hy the measurement upon the object whose distance we 
meamire. He particularly emphasises that the principle of indeterminacy, a 
simifie genecafisation deduced from experiment, really means that 
measurement of any one co-ordinate automatically produces an uncertainty in 
tito conjugated co-ordinate, such that the product of ^e error in the co- 
ordinate measurement and the error contained in the conjugated co-ordinate 
has the definite universal value h, equal to 6*545 x 10-*^ erg. sec. 

In the HAt of this principle he examines the classical laws of physics, the 
•tatisticB of Einstein and Bose and of Fermi and Dirac, the Plandc oscUktor, 
the hydxogeax atom, and the periodic system. Finally, he deals with quantum 
and wave mechanics. The whole treatment is most stimulating ; it is char- 
acterised by a wonderful freshness of outlook, and it is heartily commended to 
all inteiiested in the quantum theo^, even though many readers will by no 
meani accept tbe outlook in its entirety. 


L. F, B. 
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HMoilioMo Vb/mmmuu IS^ A. L. Hughbs* I).Sc.» Professor of Physios, 
Slid L. A« Du B]inx»t, PbJ>., Assistant Professor of Physics, Waiming- 
ton University, St Louis. xii + 531, with 323 illustrations.] 
(London : Mc&raw*Hill Publishing Co., 1932. Price 30$. net.) 
Although several excellent treatises in English have recently been pub- 
lished on the technical aspects of photoelectricity, it is some time since an 
English treatise dealing vdth its more academical or theoretical aspects has 
appeared. Daring thfe same time the output of experunental work, often 
duectly inspired by the requirements of practical applications, has become 
enormous, and the new theories of the conduction of electricity by metals 
have also made further advances in the theoretical treatment of photo* 
electricity possible. Moreover, many phenomena of photoelectric origin 
were more or less ignored by the earlier writers, possibly because they repre- 
sented a confusing assortment of facts, and possibly because they were but 
little understood, and it is now expedient that they be properly summarised. 
Consequently, the authors need ofier no apology on the appearance of thek 
book, the writing of which evidently gave them much pleasure. 

They have first-hand knowledge of very many of the phenomena and of the 
experimental technique which they describe, and it is one of the most pleasing 
features of their book, that they include so many valuable hints on experi- 
mental technique, such as are not readily accessible in books of reference or 
even in origimd papers. These hints should serve as a very helpful guide to 
those about to commence research in photoelectricity. In like manner, the 
valuable data collected in the book should be of much assistance even to 
experienced workers in this field. 

The authors' statement of the fundamental laws of photoelectricity is 
adequate and concise, and it is wisely emphasised ^at photoelecbic 
phenomena must be divided into three classes, t/u. surface and volume 
photoelectric effects and photovoltaic efiects. Their account of the experi- 
mental verification of Einstein's fundamental equation contains a description 
of Olpin's work, published in 1930. 

Fiurticular attention is paid to the problems associated with the photo- 
electric threshold, and to the description of recent experimental work showing 
the definite agreement which exists between the thermionic and photoelectric 
work functions for a given surface. The efiect of temperature on the total 
photoelectric sensitivity, on the maximum energy of emission, and on the 
photoelectric threshold is fully discussed. An interesting graph showing the 
values of the photoelectric tlueshold for the elements of the periodic system 
is reproduced, for in this connection Du Bridge has done some very useful work. 

The sdective photoelectric effect is given a prominent place in this book. 
The work of Fleischer on the correlation of polarisation selectivity with 
spectral selectivity is described, whilst the work of Ives and of Suhrmann 
on the selective esect with very thin films also receives adequate notice. The 
purely optical eicplanations of &e selective effect given by Ives and Suhrmann 
m X92X are outlined, together with Fowler's wave mechanics treatment of the 
problem, in which a paj^cular form of potential barrier is assumed to exist 
at the sensitised metal surface. 

The authors indicate that, as they do not consider themselves theoretical 
ph3r8ioists, they include a chapter on modem theories of the photoelectric 
effect in their book with a certidn amount of trepidation. This can only be 
considered as evidence of undue modesty on their part, for they have suc- 
ceeded in producieg an extraordinarily concise and interesting account of the 
most recent theories of the conduction of electricity by metals and their 
bearing <m photoelectric emission. This account is remarkably up-to-date, for 
some its sections^ vis, on the ef^ of temperature on photoelectric emissiem, 
contain matter which was summarised for the first time in the Heoent Ad- 
vances in tibbp laet issue of Scxxncx Prooiocss. 
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tlwloiitettaii of gUMaad ▼apoaxa by ottrK'Vioiat ii a mbJ«ot <MlikAi 

is Toty Inwltqiistady trectod In motfk books on photog te ctric i t y ; beta it 
raoeivas proper attention. A similar lamark appHas to the subject of photo* 
condoctKityy in which the authors particularly stress the importaace of the 
work of Gmlden and Pohl, who ware the first to separate photoconduotioii 
oammts into primary and secondary currents, the latter bdng due to a re- 
duction in the resistance of the irradiated material as a result of the flow of a 
primary current produced by the liberated electrons. In this connection it is 
mtnresting to note that the eflfects observed with selenium are almost entirely 
due to secondary ouirenta, and that primary currents can only be eflectively 
examined by making experiments on single crystals of the red insulating 
variety of aeienium. Of more than flfteen hundred papers on the properties 
of sel^um, only one has so far dealt with the separation of the effects of 
primary and secondary currents. 

Photo-voltaic effects, such as those produced by the illumination of a 
cmiroui oxide cell, are described in det^. So, too, are the photoelectric 
effects observed with non-metalUc substances, and the photoelectric effects 
observed with X-rays and y-rays. Practical applications of photoelectricity 
are only briefly trea^, in view of the fact that several good bc^ks, which deal 
with theae matters, alifeady exist in the English tongue. 

Ttds book Is exceedingly well annotated , references to Engli^ and foreign 
works are fully quoted and appear to be balanced. Indeed, the authors 
clearly i^ow ttkaX very little work on photoelectricity can have escaped their 
notice. Their work is a flrst-class treatise and one which is likely to be re- 
garded as indispensable for some time to come. 

L. F. B. 

Oonif A^]AleotiioiM Thtoriqus (Vol. m)* By J. B. Pomxy. [Pp. 315, with 
41 figures.] (Paris : Gauthier-Villars A Co., 1931. Pri^ 90 frs.) 

This book is the third of a series of volumes devoted to the mathematics of 
electricity and magnetism, special attention being given to applications in 
dbctrical engineering. The me^od of treating a number of the subjects 
discussed is distinclly novel and the author is to be congratulated on his 
astonishing versatility. He soon gives ample evidence to show that he is not 
only an expert mathematician, but also an electrical engineer of wide know- 
le^e and experience. With these qualifications, he is able to make manv 
cd the j^bkms which have been previously investigated mainly by experi- 
ment yield to mathematical treatment in a moat enlightening way. iWe 
is, however, one criticism to which the author has laid himself open. In 
diving and applying some of the mathematical relations it is, of course, 
necessary to msJte cextain limittnjg assumptions, and one cannot help feeling 
that these assumptions are sometimes not kept su&dently in the forefront of 
tile argnment, with the result that tiie unwary reader may be indfined to 
draw oonclttsions which are not altogether justified. 

Although a good deal of the work can be found in original papers, this is 
the first tim that it has been collected together and correlated for pubUcatlim 
in book form. Without going into details, the following outlfoe will give 
an Idea of the outstanding features of the treatise, 

The opening chapter is devoted to a re-statement of the general equations 
tp the electromagnetic field. This is followed by an analysis of w most 
impcxtant proper^ of electromagnetic waves, the conditions for radiation 
fooliii different aerial arrays used in radio communication, and a diecuseion on 
dielectric polarisation. Then comes a section introducing the princl|^ 
of tenem calculus and eome appropriate applications in the sphere of relatii^, 
Tlwfeneraltbeory of the tekphone cable is dealt with next: the calnttlstion 
of the primary and eeoondary oonstante ; distortion, its causas and its mna* 
dies; the elimination of interference between adjiusemtolrcttlts and the 
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of arlttiriil UtiM. A ditiwwaicm cm methods of prodiidtig sad maintaining 
Ulgh^ihoqiienoy osdUations follows, special attentloii being given to the 
tbennioaio vuve oscillator. Finally a chapter is devoted to a somewbat 
varied ooUection of electric circuit problem arising in connection with 
triej^ione and telegraph 83r8tem8. 

Tbe book is unquestionably a most useful compendium of a large range of 
mathematical researches. It can be recommend^ with confidence for dose 
study. The diligent student will find in it many interesting ideas and valu- 
able suggestions. On6*8 only regret is that for those who desire to keep the 
book as a retoenoe and a guide in their work, a better quality of paper and 
bfaiding has not been employed. ^ Barlow. 


Inofianio Chemistry. By T. Martin Lowry, C.B.E., M.A., D.Sc., F.R.S., 
2nd £dn. [Pp. idv + ixox, illustrated.] (London: Macmillan A 
Co, Price 25s. net.) 

If growth be a sign of health, then the new edition of Prof. Lowry's well- 
known work — it be noticed that he refuses to call it by the hackneyed 

names either of *' Textbook *' or ** Treatise " — bears all the signs of youthful 
vigour, for it has expanded considerably from the size of the first (1921) 
editkm, familiar to most chemists, and the author has taken the opportunity 
afiorded by the demand for a new edition to revise and recast his work in the 
light of the new knowledge of the last decade. 

In particular the problems of valency have undergone radical changes 
and fuU use has been made of Prof. Lowry's own conceptions of " mixed " 
and " aemi-polar " bonds which are discuss^ fairly early in the book. This 
dual theory of valency has been brought into the chapter on the properties 
of salt solutions by introducing the theory of complete ionisation as a logical 
development of Arrhenius' Theory of Incomplete Ionisation. 

The general plan is based as before on the periodic classification with such 
xnodifications as have been desirable in the interests of clarity and simplifi- 
cation, and the modem theories of atomic, molecular, and cuystalline struc- 
tures are fully dealt with. The section upon mineral silicates in particular 
has been rewritten in the light of new knowledge gained by X-ray analysis, 
and the large number of dia^ams and illustrations throughout the book nelp 
to make the whole subject eminently clear and readable. 

Comparison of the present work with a good book on inorganic chemistry 
of a generation ago ixuJces it clear that the rather static condition of the sub- 
iect m pre-war days has now definitely passed and that inorganic chemistry 
is once more definitely on the move. Prof, Lowry's book will continue to be 
of great value not only to senior university students, for whom it is m ai n ly 
intended, but also as a useful revision course on the present state of inorganic 
chemistry for those who, for one reason or another, may have failed to keep 
1^ their reading in this branch of scxence. 

Am Mton ol Omss and Vapous by SoUdi. By J. W. McBaxn, F.R.S. 
(n. xii ^ 577, with 15Z diagrams.] (London : George Routledge A 
Skms, 1952. Mce 25$. net.) 

Prof. McBaxn is to be congratulated on the production of a very readable 
and well-arranged summary of the experimental results which have been 
obtained by the many workers in a field, the jnesent state of flux of which is 
too pvonounoed to permit any great degree of critical analysis or definite 
basis upon fuadamental principles. Both the claasloal theory of adscxrptian 
and Laiigmuir*s conception of unimolecular layers have in turn bean found 
toanfidant to ecsplain observed facts, even with toe acceptance of toe 
aniitaitoe cd various adsorption types, ranging from pure physical cem de nsa- 
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tton to pofo d wn iicaJ tntaMtton; mod Hm modem trend totrenk the 
introdncaon of energetloe Into ndeenpikm still further oomplioAtei the 
interpmtfttkm of prooee ees invdiving a time factor* 

Cm the whole, the subject has been very fairly and impartially pesented^ 
a short reference to almost every paper of importance is given, usually without 
eominent ; wd the book thus forms a most valuable index to the literature 
of the subject, especially since a gratifying number of the original tables, and 
no less than 151 diagrams, are included. Further, in order to embrace both 
surface reactions and any accompanying internal efEect, the word sorption 
is widely used in place of adsorption. 

The book is divided into three parts, dealing, respectively, with methods 
of measurement, with experimental data, and with theories of adsorption ; 
and, in the second of these sections, which occupies some three-quarters of 
the whole volume, separate chapters are devoted to sorption by charcoal, 
seolites, silica, glass, metals, and other bodies. Mention may be made of the 
particuiarly goM index of adsorbing agents, which includes such diversities 
of bodies as mercury and macaroni, together, in each case, with a list of 
substances adsorbed. 

It is difBicult to criticiso so excellent a work; but it may be noted, in 
reading tiurough the volume, that there is an occasional tendency towards 
dogmatism which is perhaps greater than the present position of the subject 
warrants. Thus, on p. 313, the interpretation of lack of reversibility in the 
adsorption of hydrogen by nickel as being due to the slow sinking of the gas 
into a metallic adsorbent takes no cognisance of the possibility of an energetic 
explanatiott. Any faults that the book may possess are, however, minor ones, 
and detract in no way from the general high standard of the volume, which 
can be thoroughly recommended, and which will undoubtedly take its place 
as a standard work of referemw* £. B. M. 

Wool Quilitf : A Study of the Influence of Various Oontrlbutory Vaotonu 
their Signiflouce and the Teohnique ol their Heasurement. By S. G. 
Baxxbr, Ph.D., Director of Research, Woollen Industries Research 
Assodalion, with a Preface by the Rt. Hon. J. H. Thomas. 

328, illustrated.] (London : iSibd. by H.M. Stationery Ofhee for the 
Empire Marketing Board, Dec. 1931. Price £i xs. od, net.) 

Onb quality only — ^thb best t is an advertising slogan frequently seen 
for the purpose of advocating the virtues of beer, butter, brooms, or bananas ; 
but vdiira we come to the case of wool the matter becomes a great deal more 
complicated, for the quality of wool may itself be qualified in a dozen 
wa^ according to its future purpose, and wool is bought and sold on the basis 
of its ** quality,*' yet this very foundation itself has until recently remdned 
as vague as a l^jum and as intangible as a Snark. 

In short, what is wool quality ? Is it determined by the cleanness of the 
raw wool, by the length of the fibres, by their diameter, their tensile streng^ 
straightness, greasiness, colour, or what ? Until a decade ago it^ fiorly 
sale to say that *' wool quality " was like a spiral staircase — something that 
every weed merchant or spinner could recognise but could not readily describe 
-Hsnd one of the major problems that the Wool Industries Research Associ- 
atlon has set out to solve is to settle definitely the basic characteristics ttot 
determine the quality of the fibre. 

For eome years Dr. S. G. Barker, the Director of Research, has urged that 
more satisfactory scientific standards of quality should be worked out, for as 
Hr.'Thomas remarks in his Preface, ** the foundation of such standards would 
lead to economy in marketing by enabling the manufactuier to lipecify more 
mmotly the kmd of wool he wanted lor diflerent purposee." 

The p r s een t volume is an historical summary of practically all that is 
known on this complex subject, from the earliest tunas up to x 93 x , and aSorda 
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a moat invaluable work of zeforanoa for all who have to deal with wo^ either 
in iti adentific or technicai aspects. It is not possible to do justioe to the 
compilation in a few words* as the ground covered is altogether too extexisive — 
chemistiT, ph3rsics* mechanics* genetics* and biology are all called upon for 
help*-*and the volume illustrates both the necessity for team work whm 
deiding with large problems and the successful way in which this is done at 
Tmmon*** the headquarters of the Research Association. 

Last ytai some ;£5o*ooo*ooo worth of wool was manufactured into goods 
in this country* so ^ cost of research cwnot run into more than a fraction 
of a tenth of one per cent, of the value of tlAwool* not a heavy rate of insurance 
for the future welfare of the industry ; irnSct* one wonders if the premium is 
rea^ high enough I 

The chief criticism that can be made against the book is that it is rather 
impartial and uncritical* so that it can hardly be recommended to students 
for unaided study* but the summarised information* excellent illustrations* 
and comprehensive bibliography make it of enduring value to all who have to 
deal with wool and woollen go^s. F A M 


BOTAinr 

■oil Conditions and Flaai OrowtlL By Sir £. John Russell* D.Sc.* F.R.S. 
Sixth Edition with Illustrations. The Rothamsted Monographs on 
Agricultural Science. [Pp. viii + 636.] (London : Longmans, Green 
A Co.* 1932. Price 2xs. net.) 

A COMPARISON of the first edition of this invaluable book with succeeding 
editions is like looking at photographs of an individual at successive periods 
of his life : the mere stripling of 1912 has* with increasing years* developed 
both in girth and in weight to such an extent as to be almost beyond recogni- 
tion ; in other words* a monograph of 168 pages has grown into a p^tly 
volume of 636 pages. For few books can such a record be claimed in passing 
through six editions. The reason is not far to seek ; in the interval since the 
book first appeared Soil Science has come into its own* so to speak. During 
its lifetime there have sprung into existence a number of organisations 
dealing with the scientific study of the soil such as the International Society 
of Soil Science* of which the author is the President* the Imper^ Bureau of 
Soil Science* and any number of similar bodies in other countries* as well as 
a host of workers throughout the world* to say nothing about journals devoted 
to soil problems. Not the least interesting of these developments is the 
Russian School of Soil Workers and the gradual spreading of the ideas 
initiated by them to other parts of the world. Contact with Russian scientists 
has* in the last few years* been very defective* and we have had to get most 
of our information concerning them and their work either through American 
or German sources. In 1930* however, the author attended cm International 
Conference in Russia* and SMnt some six weeks there* four or five of which 
were actually spent in the fimd ; the result is that we get now a well-balanced 
and authoritative account at first hand of the Russian view-point* and this 
perhaps constitutes one of the outstanding features of this new edition. This is 
a boox which needs no praise ; those who are familiar with the author's gift 
of lucid exposition know well enough what to expect from any of his writings* 
and will take for granted that this edition has all the good qualities of ihe 
previous one with many new ones grafted on. Much of the old matter has 
been rearranged* while some sections have been so much re-cast as to be 
almost exiting new. This applies especially to Chapters IV and V* which 
have been brought into clow relationship to each other by altering the 
original titles and making them into two subdivisionB of the general heading. 
The 80U in Nature-xQiapter IV dealing with the changes in its mineral 
oeasi p os itl o n* and Chapter V with changes in the organic matter. It is in 
the of these two chapters that the author ^ves an account of the 


a3 
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conteflntlDas of €ba Bnoiao mIwoI to tiM infioeaco of olimato on tit# 
eompoattlOB of tho aott aad Hw eonooptioa of the idl nroille h e aigottoeiit 
ccttmoa. Thte is a book to ifhkb au wiU turn for buonnaticn on tha soil, 
whettMT as cbMoists. botaaists. or agricattarists, with cooviction tiiat tiiegr 
aiay tbsce find a w^-bslanowd aad broad-miadsd account of the sab}oot ; 
tbs boflfc does not suffer from the teadency to stress one or other pomt of 
view, obicdi Is an unfortunate characteristic of some modem writers, who would 
interpret all things according to one method onW. In the Appendix the 
metiiods of scdl aaal3nris have been brought up to date, and contam euffideat 
practkal detail to enable any competent person to cany out the experimenta 
sncoaasfully. p. h. 


IniwinHnnal h^itm Book of Botanists. [I^. xvi + 605.] (PuUished for 
the Bentham 'nustees by BailliSre, Tindall, d Cox., 1931. Prke 
tat. 6d. net.) 

T>is useful work of reference is the outcome of a resolution passed at the 
Fifth International Botanical Congress held at Cambridge in 1930. The 
work was prepared by Prof. Diels of Berlin, Dr. E. D. Merrill of New York, 
and the late Dr. T. F. Cbipp of Kew. 

The entries are classified alphabetically under countries, and for each 
section there is a list of the Botanical Institutions and Societies concerned, 
directiy or indirectiy, with the study of plants. There is a collective index 
to the names, irrespective of nationality, and some idea of the comprehensive 
character of the work is gained from the fact that this index occupies thirty* 
seven pages each oi four columns of small type and must contain somewhere 
about twuve thousand names. 

The book is well printed on sufficiently thin paper to make the volume 
aaty to handle, but at the same time the paper is opaque enough to make the 
text easy to r^. 

Botanists in general owe a considerable debt to all concerned in this 
production, which is essential to freedom of intercourse between botanists. 
Furthermore, the chief interests of the various workers is indicated, uid tids 
will enable students to get into touch with investigators along Itoes 

in other parts of the world. E T S 


MOLOOT 

fMdaiaiwtsJs Ol Imaet Ids. By C. L. Metcalf and W. P. Fumt. 

[Pp. xi 4- 5^1, with 313 figures and 17 tables.] (London : McGraw* 

Hul Publidiing Co., 1932. Price 30$. net.) 

Im 1928 the McGraw-Hill Publishing Company published D$stnteHv0 m»i 
Vufid Ins$ets, written by the same two authors. This was rather a massive 
tome, with a definite bias towards agricultural entomology. The price was 
high for the average student. 

Fmtdamtntals of Ituoet Lift has been written as a textbook of entomology 
witii a biological em p h a sis . The first ten chapters of Destructive and Uu^ 
Inteets remain, but in a revised aad up-to-date form. Chapter VIII, which 
was entitled " The Orders of Insects," now appears as " The Important 
Orders and Families of Insects," aad has been entirely rewritten aad very 
asttch Milarged. The chapters (IX and X) on insect control aad apparatus 
for ap^ying insecticides have also had new material added to them. Th^ 
instead of thirteen chapters dealing with insect pests of vatiotts crops, 
doOMstie animals, and man, there are three new chapters with tiw fidlormif 
headings: " The Biology aad Ecology of Insects : the Living Environment" 
Oapter XI) ; "The Bidogy aad Ecology of Insects: the Physicochemical 
ttevironment" (Chapter XII); and "Insect Behaviour" (Chapter XIU). 
XlMoe three dtapters will serve as an excallent introduction to tlM stiuty of iaseot 
eocfogy aad behavionr. There are numerous refsrenoes given as fa t i io tae. 
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A new tetm is tli« tOmt bibliograpitjr of booki trruged in the lollowiiig 
order : tboee with emph—ie on ftm c t ure end morphology : on eoonomie im» 
portimM end control; on ecology; on behaviour and interrelations; on phyeio- 
bgy ; on the history of entomolo^, and on beekeeping. There is also a list 
of bibliograidiical and abstractiiig journals^ and also a list of Americsa 
entomological journals and serial poblicaticms. Completing the book is a fnU 
inden. 

Many textbooks of entomology have been written, but mostly with a 
decided tendency to emphasise out of all moportion some one or other of the 
special branches of the subject, for examj^, the morphology or the jsconomic 
Mde. The present authors have realised this, and are to be congratulated on 
supplying me student with a well-balanced textbook. While still stressing 
the impmrtance of a sound basis of morphology, anatomy, physiology, and 
systematics, adequate attention is given to the biology, ecology, and behaviour 
of insects as well as to applied entomology. The bo^ should supply a real 
want. At first sight it is perhaps slightly annoying to find so many familiar 
iUustrations, but as they are good it is not a serious defect. The price is 
moderate, and should pUim the W>k within the reach of a considerable number 
erf students. As to the format of the book, all that it is necessary to say 
is that it is up to the high standard of a McGraw-Hill book, and that is sa3ring 
9 ^ tot. H. F. B. 


A ■alaralist in Bnuril : The Iteu and Fauna and the PeoMa of Braifl. 

By Prof. Konrad Gubnthbr. Translated by Bernard Miall. 

400, with 32 plates and 40 text-figures.] (London : George 
Allen A Unwin, Ltd., 193X. Price 235. net.) 


MxAtx has performed a useful service in translating into English Guenther's 
Dus Aniliis BrasiHens, for it will now reach a circle of readers both in English- 
speaking countries and in South America who would be unable to use it in 
itioriginal form. The translation is an excellent one, as might be expected 
from the well-known skill of the translator ; it follows and retains the 
'' flavour of the original text quite closely, including here and there its some- 
what fulsome phraa^ogy. 

Prof. Guenther spent a year in Brazil as an adviser to the State of 
Pernambuco on the control of animal pests, and subsequently he visited also 
the ^gentine. In the present volume, however, the author is not writing as 
a specialist, but as a general naturalist of wide experience and reading, who 
has already had his interest in tropical countries aroused by a stay in Q^lon. 
Nothing in the natural history of the country or its inhabitants is too trivial 
to receive his apmeciative attention, and the result is a most entertaining book 
that gives a syncing survey of the whole subject. It is customary in works 
of this kind to deal with t^ journeys undertaken and the observations made 
during their progress. The author has adopted another and, for the general 
reader, a more interesting method of presmtation in that he has chosen a 
series of topics, thus bringing together all the observations relating to these 
various probleins. The headtngsof someof thetwenty chapters will illustrate 
this method : The Soavengersof the Shore, and the Mangrove Woods, Tropical 
Gardens, Plantatioxm, Nature as an Organism, the Mosaic of Colours, the 
^mphony of Voices, Epiphytes and P^asitet, Pkmeers of Communal Life, 
warn axM Bees, etc. 

Onto sniaUnmttarscaU for ciitid^ Certain of the accounts are periiapc 
klitttonlm some of the trees, rather** tall.** For example, it is recorded of the 
koti'^^srood tree, Phu de larro, that its wood is so hard ** that the tree can be 
MIsd only to the early monihag ; as the sun grows warmer the iron of the axe 
beoom es eofter than ttm wood, and will no kmger cut it** The plates are on 
tho Hbdle good, but some ol the text-flguxus are rather crude and their 
m s tb oi of i&pgtkuMofSk doee not improve them. 
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It b • book tiiat out be thoronghljr noonmiaiided to all intonated to 
general natural hiatory and ahould be to the poeaeaakm of anyone Uvtog to or 
con ta mp latiiig a visit to that, to the natoraut, delightfnl land. Brasil. 

C. H. OD. 

flM todtan Zoolagtoal Memoin IV. POn (The AMrta«8aiil). By Baxni 
Prabmad, D.Sc.. Superintendent, Zoolorical Survey of India. 
[Pp. xi + 83, wi^ 43 figures in liie text.] (Methodist Publishing 
House, Ludmow, 1932. Price Rs. 2.) 

Thx Indian student of ecology has been fortunate in being able to use as his 
type of a Gastropod Mollusca one of the Apple-Snails of the genus PUa 
(AmpuUaria), some of the largest fresh-water mollusca known. His difficulty 
has been that he has in his textbooks generally accounts of European forms. 
This trouble is overcome with the publication of the present useful handbook, 
which fonns Hxe fourth of the serm of monographs on Indian animals issued 
under the general editorship of Prof. K. N. Bahl. Its author, Dr. Baini 
Prashad, is wdl known for his work on the Indian Mollusca, which has included 
a detailed investigation of the anatomy of Pila globosa. The material for the 
present monograph is largely drawn from this previous work, but critically 
modified and adapted to suit its present purpose. 

The account indudes brief references to the position, affinities, and 
nomenclature of the ^enus as well as a synopsis of its Indian spedes. Where 
this can be done, as it is in the present instance, without overweighting the 
taxonomic side it makes an inteiesting addition to the more strictly morpho- 
logical portion which must form the main part of these monographs. The 
memoir is written in a clear and straightforward manner, so that it is eminentiv 
suited for the use of students. The 43 figures are carefully chosen and weU 
reproduced and add materially to the value of the book. 

Both the author of the present memoir and the editor are to be congratu- 
lated on the addition of a fourth memoir which in utility, manner of presenta- 
tion, and general get-up is worthy of inclusion in a series whose previous 
members Imve set up such a high standard. 

A Tixtbook of Eoonomio Zoology. By Z, P. Mbtcalv, D.Sc. [Pp. 392, 
with 236 text-figures.] (London : Henry Kimpton, 1931. Kioe 
x8s. net.) 

T^xs book, according to the author's avowed intention, is an attempt to 
furnish material for teaching the fundamental principles of zoology firom the 
standpoint of economic zoology. This will appear to many a very 1 ^ 
standpoint from which to present the fundamental principles of zoology. 
It appears to us to be putti^ the cart before the horse. We axe of ofisSoa 
that the fundamental prmdples of zoology should be presented from the 
standpoint of the pure science and that the superstructure of the economic 
apifiications of the subject should be built on this sound foundation. 

The method chosen of presenting the principles of zoology leads to many 
incmigruitias and to a remarkable lack of proportion and baUnce in tto book. 
For example, only twelve pages, or one thirty-second part of the whole book, 
axe devoted to the Protozoa and protozoan diseases, whereas eight pages axe 
devoted to the Echinodermata and ten pages to the Ccslenterata. Amoxlg 
the abc text-figures in the section on protozoa one is of a sleeping-sickneas 
patient in coma, but there is no figure of a trypanosome. Yet forms such as 
Imtacrinus among the Echinodermata and Cestus among the Ccslenterata 
axe figuxed. Surety in a textbook of Economic Zoology Tryanoaoma is more 
important than C^tus or Pentacrinns ? Yet there are a number of dwiiliur 
anomalies in the book. Again, surely, Schistosomum is of suffident importance 
for its proper scientific name to be given in the legend of its figiue, and not 
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mmlty to ba eallod ** Blood Fluke/* Why should Ornithorhyuchua be tdcen 
M the flxut tvw to be described and figurM in a section devoted to ** A Bbetef 
Discussion <» Some Common Mammals *' ? p 3 

Baudbook el Protosoology. By Richard Roxsabro Kudo, D.Sc. 

X ^ 454, with 175 illustrationB.] (London : Bailiitre, Tindall Sc Cox, 
X93I, Price 25s.) 

This book is intended to provide an introduction to conunon and repre- 
sentative genera of all the groups of free-living and of parasitic Protosoa, 
It is intended as a handbook for students taking an advanced course in 
protosoology as well as a general reference book for teachers and research 
workers who have not ready access to the various monographs dealing in a 
more comprehensive manner with the special groups of I^otozoa. 

The fix^ few chapters are devoted to an excellent general account of the 
morphology, ph3r8iology, and reproduction of Protozoa. The major part of 
the book provides a S3r8tematic account of the taxonomy, biolo^, a^ develop- 
ment of ^e various representative genera. Useful keys to we classification 
are given and, with the numerous figures, should materially assist in identi- 
fication. A brief, but useful, bibliography of the more important references 
is given at the end of each of the thirty-three chapters. Useful hints on 
collection, cultivation, and observation are given in a brief appendix, and the 
combined author and subject index is comprehensive. Altogether a very 
tiaeful iMolc. p w, R. B. 

As Introtactlon to Vertobisto Bmbrjndagy. By H. L. Wibmak. [Pp, 
xii 4* 4x1, with 201 figures.] (London : McGraw-Hill Publishing Co., 
1930. Price 205 . net.) 

This book is intended as an introductory textbook of vertebrate embryologv 
tmedally suitable for the needs of premedical students. It is designed with 
the excellent intention of complementing rather than supplementing the 
laboratory work. The introductory chapters, including sections on general 
cytology, maturation of the germ-cells, fertilisation and cleavage are followed 
by a seiwn on the early development of Amphioxus and the frog, considered 
together. The major part of the book is, however, devoted to the chick 
embryo and the mammalian embryo. The pig is taken as the type for the 
latter, and it is assumed that this type will be employed in the laboratory, 
but a good deal of space is also devoted to human embryolo^. The illustra- 
tions are good and the book contains a useful, if rather limited and scarcely 
representative, bibliography. p 3^ 

Snakes ol the World. By Raymond L. Ditmars, Litt.D. [Pp. xii + 308, 
with frontispieoe and 84 plates.] (New York : The Macmillan Com- 
pany, X93X. I^rice 305. net.) 

This book, by the author of RepHhs of the World, should prove popular both 
because of the xieed for such a book and on account of its excellence. The 
book is well printed with large type on a quarto-size page and, despite its 
size, is reasonably light to handle. The style is popular, rather than technical, 
yoit the book contain much interesting and valuable information. The first 
few chapters are general in character, dealing with the habitat and scope 
of the snakes, then distribution, habits, and classification. The next four 
chapters deal with the giant snakes, or p3rihon8, boas, and anacondas ; the 
New-Woxld and the CHd- World harmless snakes and the rear-fanged or Opis- 
thoglyph snakes. The remaining five chapters are devoted to the poisonous 
snakes eonttnant by continent. This geographical method of deallxig with 
the jpoisonous forms should render the Imk particularly useful to those about 
to mvd in aaalie^infssted countries who should gain some prditninary 
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Ifiigwlid^ Balb]rtetteiMri;v^^ 

uteH bdcdk ii III# bMHtf ol Mtoi of S5 fttlHp«0» plotoii Th6io mo fAMo- 
gri^ihidy foprahoedby the haif'^osej^^ Xbmmi 

never mote 1±4m twophotomphson one p&te, and in many cases tiiereii only 
ooe^ The majority axe evmently photogra{di8 ol living speoimens, but some 
are of tim akau or whole skeleton to illustrate stmctoral peciihaxitles* The 
bodk is well indexed, but its usefulness would have been greatly enhanced if a 
bihikgraphy, which, with careful selection need not have been long, had been 
induded. p. W. R, B. 


MnoMLLJLMaoim 

fhe Oeogfidiy of London Bivsr. By L. Roowbll Jokes. [Pp. xii 4- x84« 
large quarto.] (London : Me&uen A Co., X93Z. Price six. net.) 


** Lokdok Rivxa '* is a term familiar to sailors and geographers as the name 
given to that part of the Thames estuary which lies between London Bridge 
and the sea. This book is a detailed study of the development and present 
layout of the great seaport which has grown up on London River, mainly m 
its relations to the physical setting and to the demands of its commerce. 

The three opening chapters describe the ph3r8ical geography, and the 
distribution of settlements along the estuary before a d. 1800. The fourth, 
and longest, describes the port as it was at the opening of the nineteenth 
century, when, owing to the increasing size and draught of ships, docks first 
became necessary to supplement the open q^uays and wharves which had 
previously been the only landing-places provided. The account of London 
Bridge and its effects on the river and port naturally leads up to a survey of 
the ^es and the increase in tidal range which has occurred within the past 
century. These two chapters give a well-illustrated account of the facts, 
and wiUl be ol very great interest to all students of London. 

The latter halt of the book is devoted to a descnption of the modem port 
and its commerce and equipment. There is a clear analysis of its world-wide 
traffic, and a comparison with other ports of Great Britain ; but there is no 
attempt at comparison with any foreign port, though such a comparison 
would be of mat interest, particularly in the case ol those ports just across 
ths Narrow Seas which are the chief rivals of London in tne vast entiepdt 
trade of western Europe. The table pven in 1 Vh$M 0 r*s Almanack for 1932, 
p. 87, shows that in total tonnage of shipping entered and cleared the first 
nine ports are, in order, Antw^, New York, Hamburg, London, Rotterdam, 
Hong-Kong, Liverpool, Marseilles, and Southampton. 

In several of its chapters this volume bungs together in an accesalMe 
form information which is mostly out of reach of all but specialist students 
or officials dealmg with sections of the port. It is too condensed, and in 


places too technical in its phrasing, to appeal to the " popular " reader ; but 
those who wish to know more of London, and of the ways and means by 
which a mat port has been developed, than the popular press can t^ them 
will find It well worth the careful reading which it demands. 

The volume is well printed and illustrated and well documented ; but its 
Index is too brief to be adequate for full reference. C B. F 


ItMiiliM lion and MssL 1 ^ J. H. G. MoKmififY, P.Iiurt.P. Second 
Edition. 584, with 236 figures and illustrations.] (London: 
Chapman ft Hall, 1931. Price 255. net.) 

WnsM the first edition of this book was rablished in 1926 it was so well 
received, and deservedly so, that it has remmedunchidlenged as the standi^ 
wodr on stainless steel, in i^te of the fact that progress in the metaUnrgy of 
thiie alloys has been wo great during recent years that the book has oem 
badly OQt^*dats lor some time. In the new edition the anthor has broai^ 
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bp6k» wttbli f|^ kaigth of tfia mrlkar edition, and containing more than 
tim number of iUnitratkms* Xt will probably remain the standard 
work on ibo eubjeot lor many yeaxa more. 

QdginaUy* sinless steel was need only for making rustless cutlery, but 
now it is hMidly too much to say that an3rihing tiiiat can be made in ordiiuury 
steel can be nuule in stainless steel. That does not mean that there is one 
type of stainless steel that will serve all purposes, but that for nearly every 
purpose a suitable stainless "steel can be found among the great number of 
varieties on the market. In selecting the right type to use lor a given purpose, 
it is necessary to take account of a number of factors, such as the mechanical 
properties required in the steel, the corroding medium to which the steel will 
DO exposed, the process by which the article is to be fashioned (s.g. by hot or 
cold working, or by welding), and the possibility or otherwise of heat-treating 
the finished article. If an unsuitable type of steel is chosen, the results are 
certain to be disappointing, and may even be disastrous 

In this book the author discusses, practically and scientifically, the various 
t3rpe8 of stainless steel, and explains clearly how the selection of a suitable 
iv^ for any purpose should be made. The book is so comprehensive that 
there is no need to give a list of its contents. It contains everything relevant 
to its purpose, which is to explain to users of stainless steel all that they may 
reasonably wish to know about it. In all respects the book is excellent. 

M. S. Fisrbr. 

Ohemietl Analyiii d Iron and Sted. By G. £. F. Lundbll, T. I. Hofpiian, 
and H. A. Bright. [Pp. xiii + 641 pages, with 63 figures.] (Now 
York : John Wiley A Sons ; London : Chapman A HalL Price 
42s, net.) 

This very complete textbook on Iron and Steel Works analysis covers a lar||e 
field, and provides an enormous amount of chemical and manipulative detail. 
Both referee and routine methods are described for the analysis of irons, 
steeb, and ferro-alloys, as well as for certain ores, refractories, and other 
materials. 

The subject-matter is divided into five parts. The first of these deals 
with apparatus, reagents, qualitative tests for steels, sampling, manipulation, 
and descriptions of special operations. A final chapter gives tables showing 
the allowable differences and errors, and limits of accuracy for analyses of 
ferrous materials. Part II deals with the analysis of irons and steels, the 
first chapter indicating the methods suitable for &e different classes of metal. 
Then follow methods for the determination of : (a) the ordinary constituents — 
Iron, Carbon, Manganese, Phosphorus, Sulphur, and Silicon ; (6) the common 
alloying constituents — Copper, Nickel, Chromium, Tungsten, etc. ; and (e;) the 
less common constituents — ^Aluminium, Zirconium, Columbium, Tantalum, 
Boron, Arsenic, etc. Part III gives methods for the determination of Oxygen, 
Oxide inclusions, Hydrogen, and Nitrogen. The next part deals with the 
Fsrro-allo3rs, and includes Silicon-Zirconium, Calcium Molybdate, and 
metallic Manganese, Silicon, Chromium, and Cobalt. Part V describes the 
analyses of the remaining materials : Or^ of iron, manganese, and chroxniumt 
Limestone, Fluorspar, Refractories, Slags, Moulding Suds, Coal, and Coks. 
The book concludes with tables of atomic weights, densities of add and 
alkaline solutions, and strengths of sulphuric mad required to give definite 
humidities. 

The general arrangement of the subject-matter within the broad sub- 
divUons already described does not appear to follow any particular system* 
This i§ a disadvantage in a book of this nature, which should lend itself to 
and rapid refereitce. In a lew instances the general arrmngemmit b 
dioihdy open to critidim. The inclusion of iron amongst the ordinary 
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conititaeiitB of itaato is iostifiadi oa the groimd that it may, somattmas, ba 
advisahia to datamiiiia the iron in order to ansnra that no important con* 
stituent has baan ovarlookad. It is, however, somewhat surprbinff to find, 
under this heading, the colorimetric determination of iron, and me detar- 
minaticm of ferrous, ferric, and metallic iron in ores. Again, one would 
expect to find aluminium and arsenic included amongst the more common 
constiituents of steels. 

These, however, are minor defects which are more than balanced by the 
good features of Ihe book. It is interesting to see that potentiometric 
methods are given for many determinations, and a diagram showing the pH 
ranges of hydrogen-ion indicators should prove of value. Another excelmt 
feature is the large number of tables indicatii^ the accuracy to be expected 
from many of the determinations. The subject-matter is clearly and con- 
cisely presented, and the authors are to be congratulated on the care and 
thoroughness with which they have completed the task of producing a useful 
and up-to-date reference-work on their subject. 0 Dannatt. 

Merdiant Tenturers in Bronie. By Harold Pbakb and Hsrbbrt John 
Flburb. [Pp. vii + 168, with 67 illustrations.] (Oxford : Clarendon 
Press, 1931. Price 55.) 

In Merchant V$ntur$fs in Bronie, the seventh of the senes called ** The 
Corridors of Time,** the authors have wntten a short book on a very large 
subject, and their method has been to convey a great deal in a very few words. 
The result is that the book is a marvel of compression, and cannot be read 
wiihout the closest attention. 

The opening chapter gives a brief summary of the Craniology of the 
Bronse Age, with a welcome promise of a larger work to come on this com- 
paratively neglected aspect of archaeology. Then, in fifteen pages, we have 
the main features of the Aunjetitz culture and the somewhat later Early 
Bronze Age cultures of Germany, France, North Italy, and the Swiss Lake 
Dwellingi. Another fifteen pag^M give us the cultures of Lausitz, the German 
Bound Barrows, and the Terremare. Eleven pages cover the Middle Bronse 
Age in Sicily, Matera, and west and south-west France. Eighty-six pages 
remain for Crete, Greece, Hissarlik, Mesopotamia, Egypt, Irania^, Aiyans, 
and Chinese. 

It were idle to complain of dogmatic statements where space has precluded 
modification, but in some instances clearness has been sacrificed to brevity. 
We are told, for example (p. iz), that Hissarlik need not be regarded as the 
place where bronze was first invented, for a clue to this may be found in the 
fragments of a bowl tram the grave of Queen Shubad at Ur. This metal bowl 
contained 8*5 per cent, of tin, but as the date of the grave is not given the 
argument is incomplete. 

Maps and illustrations are as good and as numerous as could be expected 
in so small a work, but a reference in the text to individual figures would be 
veiT desirable. As it is, the reader is left to find his own way wough a grow 
of figures with the aid of very brief captions, and may find himself in dUn- 
eulties or even quite astray, as with Fig. x8 referring to the Aunjetitz culture ; 
for here the only dagger deleted is a C3rpriote one, and, though Ihe instructed 
reader may know that it was found in Hungary, it is certaimy not typical of 
earliest bronze in Europe. Similarly with regard to Fig. 7, t^ reader will 
be misled by finding the Broighter collar among Bronze Age objects. 

There is a short bibliography at the end of each chapter, and a list of 
authorities at the beginning of the book, but some further references in the 
text would be useful. The reader might not know wh«re best to turn for 
information about the Bleasedale wood circle or about the few Brtttsh 
Megalithic monuments mentioned and the nmny not mentioned. The Index 
Is m fxoper names only, and there are some important omissions, indodteg 
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Hlaaftriik. Some reference to topics such as agriculture, amber, and the 
horse would have increased its usefulness. 

As in the rest of this series, the get*up of the book is charming, and greatly 
increases the book^lover's ple^ure in handling it. ^ 

Mbes cl the User Delta : Their Beligions and Oustoma. By P. AicAuaY 

Taxjiot, M.A., D.Sc. (Oxon), Resident, Nigeria. [Pp. xi H- 330, 
with 86 illustrations and a map.] (London : The Sheldon Press, 1932. 
Price x8s. net.) 

This book is a further contribution of the author to the social anthropology 
of Nigeria. It deals mainly with the Degama Division of the countiy, com* 
{nising an area of nearly 4.000 square miles and havina a population of nearly 
half a million. A systematic account is given of all mrms of the beliefs and 
customs of the P^ple, and the general reader is not likely to find this attrac- 
tive reading, ^e treatment is essentially descriptive, and no attempt is 
made to compare the culture here with any others found outside the area 
considered. Its northern part is inhabited by some 300,000 Ibo and the 
remaining people are classed together as Kalahari. The Ibo tribe is said to 
number over 4,000,000, and it is not clear whether the section of it dealt with 
here is considered to be typical of the whole or not. No general comparisons 
are made, even, between the two societies described in detaU. 

The p^ of Bonny was probably the greatest slave market in West Africa 
little more than a hundred years ago. Conditions there have changed greatlv 
since then, and cannibaliam and human sacrifice have been abolished as well 
as slavery. Much of the evidence presented was taken from the proceedings 
of the native courts. The need for being intimately acquaint^ with the 
customs of the people when attempting to administer justice to them is illus- 
trated by numerous examples. Minor deities, or godlings, are known through- 
out the West Coast of Africa as jujus. ** On the whole,*' the Resident of 
Nigeria writes, ** the respect paid to jujus, other than those with definitely 
evu rites, is of great help in the administration of the country. Not only 
does it provide the chief means of guarding against false evidence in court, 
but it acts as a deterrent from crime, and is more efficacious than our whole 
anti-criminal machinery." 

This volume obviously forms a valuable record of a phase of primitive 
culture which has already been modified to a great extent by the sniall white 
community living in the country, and of which nearly all the original features 
may be lost in the course of the next few generations. The numerous photo- 
graphs and sketches are excellently reproduced, and a map of the Niger Delta 
on the scale of four miles to an in^ is provided. The divisions of tribes and 
clans are shown on this. /3g. 

Human Heredity. By Exwin Baur, Euorn Fischer, and Fritz Lxiiz. 
Translated by Eden and Cedar Paul. [Pp. 734, with 172 illustra- 
tions in the text and 9 plates.] (London : Oiorge Allen A Unwin, 
Ltd., X931. Price 30s. net.) 

This book was translated from the third German edition published in 1927, 
and the authors have supplied supplements and corrections to the Engliib 
version. There is said to be no other work in any language which covers the 
same ground, and this is probably true, as it is unusual to find all the topki 
dealt mth here discussed, even in outline, within the covers of a single book. 
The three parts might, in fact, have been published in three separate volumes 
with bardly any modt^tion. The first part, by Dr. Erwin !mur, deals with 
the general theory of variation and heredity, and there are only occasioiiai 
mferenoes to ^ese phenomena in man. Mendelian conorations are used 
throughout, as in the parts by the other authors. Dr, Eugen rischer provides 
8 d es ^pti on of the races of mankind from what is called the " anthropo- 
b te fogba l standpoint." This difEers from those of the earlier anthropologfits, 
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bf taking into ttoocnmt •• Itr «s potfibfe, the hemUtaiT i%a<ftc n o a of the 
deecfiptive oheiiecteni need. The rpauUniog half of this Jaag book wae 
writleii by Dr. SiitM Leas. It deals with the eugenic aspects of the sat^ect 
and priadpatly with morbific heredity factors. There are ate ^hapten on 
the mhertence of psychical characters and on the psychological difierenoes 
between races of mankind. This volume will be of interest and importance 
to the geneticist, anthropoloffist, and eugenist, and hence to all who are 
concerned with any aspect of human hei^ty. It appears to give a con* 
scientiously prraared summary of the views on these subjects which are most 
widely accepted to-day. 


By C. A. Simpson. pPp. xvi + 360, with 44 illus- 
trations and folding geolc^cal map.] (London ; £. Benn A Co. 

Price 2XS.) 

This book begins with an introductory chapter in which the influence of the 
oontrastiog environments of the towns Oiaord, Stroud, and Rugby is in- 
vestigated to illustrate geographical control " on their history, and to a 
certam extent on the present activities. The methods of the explorer are 
followed, and of those observation, imagination, and map study play the 
leading part. Published works on districts are mentioned and us^, but the 
main theme is derived from the wayside, the hedgerows, and the bus routes. 
The value of the O.S. maps as a basis of the study of human geography and 
history is strongly brought out. 

The succeeding four chapters are based upon geological influences in 
various regions, ^ose treated are S.£. England, Hampshire and Lower 
Thames, Midlands and Northern England. Many will regmt the omission of 
such other regions as S.W. England, but the work, according to the author's 
preface, does not claim to be a complete study of England. The title of the 
l^k may be questioned on this account. If such regrets occur, the author's 
aim has in paH been realised — ^to induce others to fill in the gaps and to 
amplify her work. 

A realisation of incompleteness k a necessary preliminary to comptotaness. 

The remaining section deals with geographical control. It may be that 
the stress laid upon geology here follows naturally from the previous section, 
but to many there will be suggested a feeling of over-exa^^geration of the 
geological f^or. 

This book is of real value to geographers, and will be of great use to all 
who are engaged on local studies and surveys. May the reviewer be allowed 
to make a criticism ? The constant use of quotations, some of which could 
easily be replaced by the author's own writings, becomes a little wearteme. 
Even the b^ of authorities sufier seriously when given in small snatches. 
The illuitrations are of special value and materially aid the text. A minor 
fault may be detected in F^. 23 (p. i37)>— surely the position of the treadle 
•honld be changed in the view of the Pole Lathe. 

J. Eung Colxclouoh. 


Mm Ottlitaie ol ttig Universe. By J. G. Crowthxr. [Pp. xiv + 363.] (Lon- 
don : Kegan Paul, Trench, Trtibner A Co., Z93X. Price zas. 6d, net) 
Mr. Crowthxr has set out to give us something new, an essay in " the craft 
of sdentiflc journalism," whose function is to convey the atmorohere and 
facts of recent sdentiflc research, with the emphasis on the atznospnexe, efaice 
aocuracfy of fact is " desirable but less important " — ^wbich sounds very like 
and very unlike sdence. He has come to the conolurion that 
nresent writers on science axe chiefly old and worn-out sdentiits who write 
for " pocket^mmey " ; whose work is narrow in outlook and too spedaUeed, 
aad so he wants an all-embradng " impersonal scientific joumalisnu" 

We agzee that the sdentiflc outlook should be spread ae far as possible. 
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Md tbrnt tlMi Inture of civOisation dq^ndt very largely iifK>ii wbettier this 
takea place or not, but we are not clear that this will be brought about by a 
new med of Journalists whose whole^time job it is to select and read books 
by eminent specialists, and then make a pot-pourri of the matter which they 
think is important and creative of the scientific atmosphere. Certainly Mr, 
Crowther's tXK>k does not encourage us, in spite of many excellent iUustrations 
and a Jacket by maholy-nagy.'^ It is a pity that he has not the literary 
ability of the specialists upon whose popular exjpositions he has drawn, whicn 
include Jeans, Eddington, Bragg, Andrade, Haldane, Huxley, and Ogden. 
The text is interspersed with analogies and digressions which are often mvial 
and superficial, and the reader's appetite is not whetted by having to swallow 
nursery words like powerfuUer.^* 

What the atmosphere of science is like when one of its essential con- 
stituents, accuracy, becomes of quite secondary importance, may be gathered 
from such a remark as that on p. 5, which informs the reader that the 
finiteness of the universe is revealed by a cursory examination," and from 
the elementary confusion between mass and weight which occurs in several 
places, as well as in the definition of energy. 

In discussing the origin of civilisation i^e views of the Difiusionists only 
are given. This problem of selection is one of the most serious in the pi^ 
duction of any " Outline," and it is hard to believe that a scientific journalist 
is likely to be capable of sufficient discretion in such a difficult matter. 

The author has been very ambitious, and consequently his efforts are 
easy to criticise, but he should be congratulated on having produced a book 
that not only is interesting, but which looks interesting at firat sight — a very 
necessary prelude to its perusal in the case of large numbers of people, and 
one which is often neglected by writers of much greater erudition and ability. 

G. B. Brown. 

tranoe : A Begional and Boonomio Oeography. By Dr. Hilda Ormsby. 

[I^. xiv -f 5x5.] (London : Methuen A Co., 1931. Price 21s. net.) 
Abundant material for a detailed study of France has long been available 
in numerous regional monographs produced by French geographers ; but 
this is the first comprehensive work of the kind in English. It is therefore 
very welcome ; and Dr. Ormsby's record as a geographer, and her intimate 
knowledge of France, lead one to expect much. 

The book is in three sections, of which the first is mainly devoted to a 
d i sc us sion of the climates and a tentative delimitation of climatic regions. 
The second section deals with the regional ^graphy and occupies three- 
quarters of the volume. A separate chapter is devoted to each of the major 
natural units such as the Paris Basin, the Massif Central, Armorica, and so 
on. A very brief description of the natural region as a whole pmiaoes each 
chapter ; but these regional studies are mainly a mosaic of detailed descrip- 
tiona of the main river basins. The last sectfon is formed by three chapters 
on Agriculture, Industries, and Communications. These give a valuaUe 
snxnmary of the present economic position of France, and comlate much of 
the detail scattered through the earlier sections into a clear conclusion. 

The volume is well illustrated by sketch maps, supplemented by references 
to the apprcmriate sheets of the F^ch topographic maps. There are good 
selected qftfifographies as appendixes to the several chapters, and statistical 
tables are brought together in an Appendix. 

One serious defect srises from im adoption of the river valleyt as the 
bisii of the regional description. The mencolous description of the courses 
of the main rivers and tbiir important tributaries, from source to mouth* 
domiastes the regional chapters. This mefihod gives a series of deta ile d 
tiWi se cti ons whidb tend to nmik the individnality of the several geographical 
onils. Bven the major regkms, such as the Paris Basin, fail to stand out 
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diitiiiefly : aiMlNtiid unity of thu ** pays ** is almost if not quite, hidden. 
The *' Psys de B^y/* for example, is described as part of the Oise basin and 
net as an enclave ** in the chalk {datean ; and a later endeavour to make 
clear its relation to the chalk region is a cause of much needless repetition 
and cross-reference. In spite of this dafoct the book is a valuable addition 
to recent geographical work. It will at once become a standard reference 
work, and will be particularly welcomed by geographers who know something 
of France and wiM to know more. X. 

na Battle Ssgion. By £. G. Woods, Sc.D. [Pp. 4x3] (London: 
Methuen dc Co., X932. Price 185.) 

Tlax ** Baltic Region '' of this book is what is usually termed the Baltic 
Basin,** vis. the area between the Scandinavian mountains and the line of the 
Baltic Heights and the Valdai Hills. Thus it excludes that large part of the 
area drained to the Baltic Sea which lies to the south of the great End* 
Moraine ; and it is limited to Sweden and Denmark, the republics along the 
east shore of the Baltic, and the northern coastal districts of Germany and 
Bcdand. 

The first part of the book is a general consideration of the Baltic Basin, its 
climate, hydrography, and coas^ features. The remainder consists of a 
treatment of i£n 6 area in three major '* provinces/* defined on a geological 
basis — ^Baltic Fennoscandia, the Dano-German Province, and the South-east 
Baltic Province. In each case a summary of the pre>Quatemaiy geolos^ is 
fcfilowed by a thorough and lucid account of the Quaternary hist^ 01 the 
province, and of the r 61 e played by the events of that period in shaping the 
present surface features. The chief physiographic regions are outlin^ : and 
there are detailed accounts of some smaller districts. 

Its sub-title calls the work ** A Study in Physical and Human Geogr^>hy.'* 
But it is first and foremost a study of the development of the physical 
features ; and it has little claim to serious consideration as a study in human 
geography. Indeed, some of the geological material dealt with has little or 
no geographical sigs^cance, and the chapters on the special regions selected 
for detailed consideration are, apart from their explanawns of the land forms, 
mere topography rather than regional geography. 

Neverihelm, the work is a careful study of the evolution of the present 
surface features of the Baltic Region ; and it provides a detailed account of 
the physical groundplan in which the human life of the region finds its setting. 
As such it is a work which will be of real value to the student of the geography 
of ^e Baltic Region. 3^ 

loiitb Oeorgia : The British Empire’s Sabantarotio Outpost : A femopiii d 
the BOstory ot the Uand. By L. Harrison Matthews. [Pp. 
xii -f 164.] (Bristol : John W^ht & Sons ; London : Simpkm 
Marshall, iqsx- Price X55. net.) 

Thx scope of this book is indicated by the headings of its six chapters ; vis. 
Descrtption, Early Voyags, The Sealers, Nineteenth-century Voyages, 
The Twentieth Century, The Future. The author was a member of the 
idientific staff of the Discovery Expedition of 1924--27. The chief interest, 
and the larger part, of this book lies in its accounts of the seal- and whale- 
hunting ; there is a clear description of the ruthless wholesale slaughter of 
these animals before the introduction of restrictions in the early years of the 
present century. The coast of the iriand is, as yet, only paray surveyed 
and ilie interior is almost unexplored ; it is mountainous and puixuy occupied 
by snowfields and glaciers which leave only parts of a narrow coastal stx^ 
uncovered during a short summer. The latitude of the island^ 54^ to 55^ 8., 
oorrespcmds to that of northern England from Leeds to the Tyne ; but the 
dfanate appears to resemble that of the northern shores of Icda^, The 
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floim and land fauna am very scanty. The island is of economic value only 
as abase lor seal* and whale-'' fishing ; and the recent developments of tim 
practice of ** whaling " from factory-ships, in lieu of shore stations, may 
reduce its importanoe. The book Is well printed and illustrated, and Is 
Ulcely to remam for some time the standard work on its subject 

C. B. F. 

the Isiintiali of Saolsrkdogioil Tedhniqne. By R. F. Hunwickk, B.Sc., 
A.I.C. [Pp. xoS, with 22 figures.] (London ; Williams A Norgate, 
Z931. ]Mce 6s. fid. net) 

In 88 pages the author concisely and clearly describes methods of technique 
which have proved satisfactory in his experience as bacteriologist of the 
Glaxo laboratory. The text is suitably illustrated with 22 plates and draw- 
ings of apjj^atus, and a subject-index makes for rapid reference. 

We fw to appreciate the need for such a book in schools or laboratories. 
For students of bacteriology it is not comparable in the quantity and quality 
of its information with Muir and Ritchie (ifis.), Hewlett (i8s.), or Stitt (21s.) ; 
such universally approved textbooks are more likely to be recommended 1^ 
experienced teachers. Its price would appear to be no justification in view 
of the popularity among students of the well-known ** Aids " series (5s.). 

The dust-cover announces that the book is part of a " new scientific 
series/^ one of which is in preparation for " intelligent laymen." We are 
sure the intelligent layman vw derive satisfaction from Mr. Hunwicke's book. 

Tom Harx. 

THemsiiti of Ohemieel Bxudoooiiiifi* By W. L. Badqbr and W. L. McCabx. 
[Pp. xvii -f 625, with 314 figures.} (London : McGraw-Hill Book Co., 
Z931. Price 23$. net.) 

In their preface Messrs. Badger and McCabe state : " Thus far, only one 
important book has appeared to cover this field, namely, Principles of 
Clmnical Engineering, by Walker, Lewis, and McAdams . . . originally pu1> 
lished in 1923. ... It is, therefore, with some hesitation that we ofier the 
profession a similar book covering so nearly the same field. Our only excuse 
for attempting this is that, in spite of the excellence of Principles of Chemical 
Engineering, it is rather difficult for beginning students, or lor practising 
en^eers who have not had some training in the underlying theories of the 
unit operations." 

The authors need not have hesitated, for their appointed task has been 
vexy well fulfilled. 

In general arrangement the book is similar to Walker, Lewis, and 
McAdams's, much the same sequence of subjects being pursued. It is 
considerably easier to read, however, owing partiy to the lucid descriptions 
of the principles involved, and partly to the admirable illustrations, which 
include numerous sections of typical plant. The mathematical side of the 
subject has been well treated, and the authors have not hesitated to use 
calculus methods where necessary. There are numerous worked examples 
and collections of useful problems for solution. There is also a section at 
the end containing some well-chosen Reference Tables. 

It is not only a good textbook for the beginner, but it is also valuable to 
the more advanced worker, who will find it remarkably comprehensive within 
the somewhat limited field which the authors have chosen to define their 
subject. The reviewer says this, feeling that the chemical engineer should 
be concerned with the design of chemical plant, not merely from the aspect of 
determining its general form, principal dimensions, and mode of operation, but 
elso with its safety and oveml economy, factors which involve a study both 
of the strength of the materials and methods of jdant construction and of the 
scat factdfi. These, while occasionally referred to, are apparently regarded 
by the Mthori as de^tely outside the scope of their book. 
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Apart from tlilo, tlia moat aoriona tmaknoM ii pcobaMy the mtaitf va 
•caxcttyofratemomtacri^ Amomocmptalieiiaivabibliiigr^ 

irotild have enhanced its value, especially to those interested in cheaucal 
enghiseiiits^iesearch. In spite of these criticisms, this is a sotuid and inspiring 
work which can be heartily recommended to all chemical engineers. 

W. £. Gibbs. 

Yohiun Kirisr: 1871-1680. Jk Tmenisnaif (knamemmatfon d his Ills 
anA Wesk. A series of papers prepamd under the auspices of the 
Histc^ of Science Society in coUaDoration with the American Associa- 
tion for the Advancement of Science (Sections A, D, and L). [Pp. 
3di ^ 133, with 2 plates and 2 figures in the text.] (Baltimore : The 
Williaxns and Wilkins Co., 1931. Agents : Bailli^e, Tindall, A Cox, 
London. Price 13s. 6d, net.) 

Teb three papers which form the bulk of this book deal with several aspects 
of Kepler's work and character, and were read by American men of smence 
at a recent celebration of the tercentexu^ of his death. They are introdnced 
by a Foreword from Sir Arthur Eddington, and are supplemented by a 
Bibliography. 

In the &rst paper, Kepler as an Astronomer," Prof. W. Carl Rufus 
sketches Kepler's chequered career, and traces the chief stages in the laborious 
jnrooess by which he derived his three laws of planetary motion. Kepler's 
ipeculatkw on the physical cause of the planeta^ motions are also described, 
and there is an account of his imjportant conmbutions to optics. There 
appears to be a slip on p. 21, where the quantity v should be the true anomaly 
am not the mean anomaly. 

The second i^per, on " Kepler as a Mathematician," is contributed by 
IVof. D. J. Struik. It provides a documented summary of the principal 
results obtained by Kepler in pure mathematics. Some of these results are 
UnpUdt in the computations of his planetary theory, and are here set out in 
modem analytical form. Others, relating to volumes of curved solids, 
maxima and minima, geometry of conics, logarithms, etc., arose out of more 
deliberate investigatioiis. Their importance for the subsequent development 
of mathematics is here rightly emphasised. There are a number of slips in the 
critical Latin passage quoted on p. 41 ; " Des " should read " Deo '^in each 
case, and " vemm '^should read rerum," while there are two obvious mis- 
speUings in the last line. Again, the footnote on p. 45 should fall on p. 51 ; 
1^ tlM date on p. 42 should be 1609. 

Some insight into the more speculative flights of Kepler's genius is 
aRqrded by Prof. E. H. Johnson’s ckwing essay on " Kepler and Mysticism." 
This takes the form of a survey of astrology and number-mystidsm in 
Kepler's time, and shows how, while he was influenced by these tendencies, 
hie speculations were saved from futility by his honesty In testing them by 
oontmnal reference to the results of obs^ation. 

The concluding Bibliopaphy has been compiled and annotated expressly 
lor this work by Mr. Frederick E. Brasch, of the Library of Congress. The 
particulars here collected, of Kepler's writings and correspondence and of the 
more important secondary literature down to the present day, aflord valuable 
guidance for further study. 

The book is well printed and produced. The two plates depict Kepler's 
portrait and his memorial monoment at Weil. A. A. 

IsfsaM VbHiay UA TbHBiocmir. Comiflled from a Series of Lectures de- 
livered at Mcnrley Coliege. pPp.r^, illustrated.] (Lmdon: Williams 
A Norgate, r932. Price As. 6d. net) 

Tmm coUec t ion of essays pnbiisbed In this volume is based on a series oi 
lectures delivered dnri^ 1931 at the Morley Ccdlege for Workbig Um and 
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Wanm. Bach acsayict difcmit the precent poeltioti and probable tread 
of his particiilar edeiioe ; aod each is a leading aathoritv on his subject 

The coUectioa contains some highly varied and very interesting matter* 
not only lor the intelli^t general reader of that rapidly growing mass of 
literature described as popular science/* but also for the scientinc reader* 
who* in these times of increasing spedalisation. is often enough little more 
than a layman when once he st^ outside the bounds of his own science. 
That the book has this valuable characteristic is due to the very evident care 
whidi the authors have bestowed on their work and the high standard which 
they have all set themselves. 

Sir Frank Dyson, the Astronomer Royal, writes on " Astronomy**' Dr. 
Emanuel Miller on *' BBychology,** Prof. F. G. Donnan on *' Chemistry and 
Radiation,** Prof. Elliot Smith on ** Anthropology," Dr. Jane Walker on 
Medicine, its Present Development and Possibilities,*' Dr. Joseph Needham 
on ** Biology To-day and To-morrow," Prof. H. Levy on ** Mechanism — ^the 
Foundation of Scientific Rationalisation," Sir Arthur Hill on ** Botany," and 
Prof. W. T. Gordon on " Geology." 

The book can be thoroughly recommended to students of science* with 
interests outside their own subject, as providing a series of excellent sum- 
mai^ of modem scientific thought in its various branches, its applications, 
and its possibilities. D. McKix. 

The Qneit lor Power. From PreUstorio Kim« to the Present Day. By 

Hugh P. Vowles and Margaret W. Vowles, B.Sc. [Pp. xv -h 354, 
illustrated.] (London : Chapman A Hall, 1931. Price 15s. net.) 

The authors of this book set out with the object of writing a simple and 
^connected storv of man’s age-long efforts to augment his bodily powers and 
to harness the forces of Nature ; and they have written what is, essentially* a 
history of power engineering. It is, moreover* a complete history* since the 
first chaptm opens with an account of early man's flint implements* and the 
i^ogue discusses World Power Conferences. 

In the first section the authors show that, before man could make any 
conscious attempt at supplementing his own feeble bodily powers by harness- 
ing the forces of Nature, be had to serve a long and painful apprenticeship of 
toil. Here, therefore, they begin with eoliths, the discovery of fire and 
metals* and primitive bronse founding ; and they pw on to irrigation and the 
large-scale engineering works and structures of ancient E^ypt and Babylonia* 
early methods of transport, rafts, boats, and sailing smps, the first wheels 
and wheeled vehicles, the beginnings of roads, and that most momentous 
development in the history of mankind, the introduction of iron implements. 

In concluding this first section with an account of early methods of 
counting* measuring* and time reckoning, and a description of the engineering 
achievements of Grssco-Roman andquily, the authors write : *' Here we must 
dose our survey of man's general acquisition of skill during his age-long 
af^prentioeship based on bodily toil. He still had centuries of heavy bodily 
exertion ahead of him, he still had to become very much more skilled before 
he could be called an engineer in the modem sense of the word. But we have 
now discussed hit general advancement up to the point at which he began to 
experiment with external power. Henceforth • , . his progress in harnessing 
the forces of nature . . . was to make heavy demands, directly and indirectly* 
upon the skill and knowledge which he had taken over half a million years to 
acquire.** 

The second part of the book deals with the early experiments on steam 
Made by Heron of Alexandria* waterwheels, windmills, the first practical 
yyUca t iona of steam and the introduction of coal as a fuel. Then follows a 
wodptkm of the evolution of the steam engine at the hands of Savezy* 
MsteooteM* Watt* and their succeasors. Further chapters describe the 
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orifiaiud d«v«lopiiiaat of the water turbine, the internal eombnction engine, 
m Meam tnrbbm, the electric generator, and powar«operated tooto, and 
inenide a aorvey of modem praooce and an account of me modnction and 
dwttibntion of power. 

third and laet aection deala with the past and preaent methoda of 
obtaining and preparing thoae fuela and metala that are the materiida of 
power. Natnnuly, coal, iron, ateel, and ated alloys receive moat attention, 
bat doe apace is given to oil, to the poaaibilities of indnatrial and power 
alOQhol, and to copper, alumininm, tm, lead, and the non-ferroua allo3r8. 
Thia aection ends enu an acwn^t of the recent World Power Conferences, and 
a eo naid e r atioa of some possible future developments in power engineering. 

Aa the first attempt at a complete history of power engineering, this book 
ia a notable contribution to the history of sdence. The authors are to be 
congratnlated on a very fine piece of work, which must have involved enor- 
mous labour. They deserve praise, too, for their craftsmanship as writers, 
and for the large number of vtduable illustrations (more than 1 70) which thev 
have included. 

There are a few minor errors : " Murdock " on pp. 169 and 255 should 
read " Murdoch,*’ smd " Bergson ” on p. 289 should read " Bergman." 

D. McKib. 


Aa Introdnction to the MathemaMoaol MapProjectiona. ByR.K.MBLLDiaB, 
M.A. [Pp. vlU + r43, with 30 illustrations.] (Cambridge University 
Press, 1931. Price 8s. 6 d. net.) 

Tan is by no means a book for beginners, as might be supposed from its title, 
and is apparently intended for the mathematical rather than for the geo- 
graidiical or general reader. Not only does the author assume familiarity 
with what the average p«pon would regard as distinctly "higher^* 
mathematics, but the equations and exprc^ons are also dewloped in a 
manner not very easily followed, except by mathematical experts. 

The book is concerned, in fact, purely with the mathematical side of the 
matter, and scarcely any illustrative examples are given, or other attempts 
made to mnvide those oases in the dry desert of mathematics, which help to 
cheer and encourage the less sturdy reader. 

To say these thmgs, however, is by no means to condemn the book. For 
the serious mathematical student, no doubt it meets a real need by 
and stating clearly and concisely (albeit in mathematical language) mi^ 
results of fundamental importance, not elsewhere collected together or 
available in compact form. Quite recent results are included, as weU as 
hietorical statements. 

It it divided into nine chapters, the first introductory ; then five chapters 
devoted to the mathematics of different projections, and three 
reepectividiy with the deformations of projections, finite measurements and 
the beet projection for a given county. Chapter VII includes a 
of the theory of the Indicatrix, and in Chapter IX it is applied to the problem 
of the choice of a projectioa. 

The value of ^ book, as a work of reference, could be improved by a 
much more comprehensive index, by distinctive paragraph W 

pedally in earlier chapters, and by numbering the figures. * ’ 

M. T. M. Oniaav. 


lifilwlthi ttd WraotoMi, VoL 1 , Elaattctty and ftmgth of MatMiali Bv 

E. H. SauiOM^.^. [^. X + 638,] (London : Longmans (keen 
A Co., 1931. Price 15s.) 


Da. SAUi<»r*s book forms a notable addition to engineering nt^ tnrn. It is 
oeuqmhensive and thorough, covering the usual ground, and |b 
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Addition cbApten on tim matbematical theory of elasticity and on metallo- 
gimphy* *|> 7 iinierotis examples are provided for the ordinary student^ while 
the references at the ends A the chapters will enable the advanced student to 
see the subject as a living one, and will guide him to its extensive and growing 
literature* 

A little more than half of the book is given to the ordinary range of 
theory. Among new features in this part may be mentioned an account of 
the membrane analogy by which Prandtl dealt with the torsion of cylinders, 
ud its development into the use of soap films by Griffith and Taylor. The 
chapter on columns is, as might have been predicted from a knowMge of the 
auttor's book on this subject, unusually full and good. 

The second half of the book begins with two chapters on the general 
tiieory of elasticity, developing this until the theories of torsion and of the 
bending of plates can be given. These chapters are devised as an introduction 
to Prof. Love's standard treatise, and are, in consequence, rather more 
» difficult for an engineer to read than would be the case if they had been written 
with his special requirements in view. But the author has taken the view 
that, as it is impossible in a book of this sire to give more than a brief intro- 
duction to the theory, it is better to lead the reader towards a standard 
treatise than to give him an easier introduction that does lead beyond itself. 

With the exception of the last chapter the rest of the book deals in a very 
thorough manner with the properties of materials and with testing methods. 
The question of the fatigue of materials is given its due prominence, and tes^ 
of metals at high and low temperatures are described. The last chapter is 
an introduction to metallography. It is, of course, impossible to do justice 
to the subject in so short a space, but the author has given an excellent 
summary, and his extensive references will enable the interested reader to 
continue his studies in any direction that he finds attractive. 

R. C, J. H. 

loopoBBle Control ol QnalitF of Manufaetarsd Piotnet By W. A. Shxwhart, 
Ph.D., Member of the Technical Stafi, Bell Telephone Laboratories, 
Inc. [Pp. xiv 4* 5or.] (London : Macmillan & Co., Ltd., 1931* 
Price 305.) 

A LAROx amount of work has been done in developing statistical methods 
on the scientific side, and it is natural for anyone interested in science to hope 
that all this work may be utilised in commerce and industry. There are 
signs that such a movement has started, and it would be unfortunate indeed 
if those responsible in practical affairs fail to take advantage of the improved 
statistical machinery now available." 

These words appeared in Nature in January 1926, and now, after six years, 
there is clear evidence to show that tiie movement referred to has dev^ped 
steadily if slowly. The use of statistical method in such problems as the 
iorecairting of economic conditions, the prediction of prices and changes in 
demand has been realised for some time, but what is of newer growth is the 
recognition that modem industry with its aim at making the same thing 
again and again, provides problenis which are inherently statistical in nature. 
In the United States the importance of these problems has been sufficiently 
realised for the American Society for Testing Materials, the Society of 
Mechanical Engineers, the Mathematical Societv, and the Statistical Associa- 
tion, to appoint a joint committae to study me development of statistical 
appUcatk^ in the engineering and manufacturing fields. In its practical 
reinfoKoement the movement has been primarily associated with me com- 
panies forming the Beil Telq;>hone System, and Dr. W. A. Shewhart, the 
striter of the book under revi^, may perhaps be described as the chief link 

in ihe States between the theomtical statisticifm and the practical industrialist. 

After the number of books on statistical method which have recently been 

H 
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timidd out eoixtaiiiiiig m unciitical appHcatioo of formnte to the date of 
e^Mienoe, it ie a ml pleature to find a book bated npbn a weU-tliowlit-ont 
and logical philosophy. No mathematical model can exactly fit the uckB as 
ve meet thm without the introduction of assumptions and approxiinatioiis ; 
it follows that a study of the conditions upon which probability theory may 
be used for ^e purposes of practical inference is one of the most important 
problems in the application of statistics. This problem Dr. Shewhart has 
tackled, recognising that in the industrial field, as in perhaps few others, the 
soundness of neiy methods will be judged critically by the value of the results. 

B^iefiy one may perhaps summarise the author's approach to the subject 
as follows : We know that the characters of individual things or events vi^ ; 
granted that there is variation, we can express in mathematical terms how 
this will occur under what may be termed a constant system of chance 
causes: in experience we find that certain things do vary m this way ; others 
do not. Modem statistical theory is introduced to distin^ish between these 
cases, to point out to the investigator when the production of an article 
under control," and when there are " assignable causes " of variation, that 
it is worth whUe seeking to eliminate. The value of the book lies not so 
much in its expositbn of statistical theory — ^indeed, certain of the most 
recently develops methods of analysis are not discussed — but in its extreme 
snggestiveness to those interested in the application of scientific method to 
industry. 

Many practical illustrations are given throughout the text, largely, but not 
wholly, ti^n from the engineering field. How is a manufacturer to judge 
whether the fluctuations in the fraction of defective parts turned out per week 
is excessive ? How large a sample of a certain pre^uct should be inspected 
to determine with reasonable assurance the quality of a " lot " of given sise ? 
How may the tensile strength of steel best be judged from a correla^ measure 
of hardness ? What principles should govern the fixing of specifications of 
quality, having regard lx>th to the needs of the consumer, and to the inevitable 
Umitations of the manufacturing pocess ? Such questions as these can only 
be answered to best advantage iimh the help of statistical methods. 

The volume ends with a bibliography contaimng references for further 
study in connection with each of the seven parts into which it is divided. 

E. S. P. 

Fnettsal IBoroaeopy. By L. C. Martin. D.Sc., and B. K. Johnson, 
F.R.M.S. [i^. zz6. with 88 figures.] (London and Glasgow : Blaclde 
Sc Son, Z 93 Z. Price 35 . 6d. net.) 

In this small volume, the authors have confined themselves to a simple and 
condse account of the cmtical principles and physical limitations involved in 
pictical microscopy. It is e>^ent that they have assumed that the reaitar 
has some knowledge of geometric and physical optics, and has had experienoe 
in the practice of microscopy. 

The book commences with a chapter on magnification and the methods 
of its determination, including focometry and imerometry. This is followed 
by a description of the stand and mechanical parts of a typically modem 
ndcroscc^ together with a brief account of optical elements. Although 
brief, the chapter on numerical aperture and resolving power brings out 
deorty the phys^ Umitations of the microscope. 

In deaU^ with the methods of illuznination the authors have Isid down 
definite rulea for adjusting the opticalparts. If these are carried out in the 
oidar given, workers sboiud fixid no dim^ulty in quickly obtaining good results 
SO for as the transmitted-light image is concerned. It is doubdm, however, 
wbsther the method given by the authom for dark-ground iUuminatfon wo uM 
prove so sucoessfol, especidly when high-angle Uluminators are used in con- 
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Jimctloii objactivM toi Ugh itiiiiurical a p ert nt e, since with these the 
eifiAlteg imsge is eactfemely sensitive to slight enon of oentratioii ot say of 
the opHesl p^. 

A short eooDimt of the eppsiatus used in oltra-violet micnMoopy isgiven« 
together with a chapter on the interpretation of the image. 

Tb» tx)ok is well iUnstrated throughout. 3^ 

the texnel Ltle of lavages in Vorth-wsstsni llslaaesta. ^ Baomstaw 
BIalikowski, with preface by Havblock Elus. Third Edition. 
[Pp, 5 o 6« with 96 plates.] (London: George Routledg^ A Sons, 
193s. Price 155. net.) 

TM first edition of this outstanding work of Prof. Malinowski appeared 
in 1929 and has been translated into French, German, and Spai^. it was 
at once recognised as an important contribution to ethnological literature, for 
it gave the first ethnographic account of sexual life amongst a primitive 
people which has any claim to completeness. In a foreword to the new 
ediwn the author expresses himsdu as disappointed with the reception 
accorded to the earlier editions in the light of a scientific achievement, and 
with lack of appreciation of its main aim, which was to show that from 
whichever side you approach it, the problem of sex, family, and kinship 
presents an organic unity which cannot be disrupted.'* Whether by yielding 
to the natuni demand for a reissue of the work at a popular price, Prof. 
Malinowski vdll accomplish his object any better is problematical, for it is to 
be feared that the selec^n of sensational details which appeal to the popular 
as distinct from the scientific taste, of which he complies, will be no less 
evident when the book is to be found on the shelves of every library. 

The book gives an accoimt of everything pertaimng to sex which could 
be ascertained by an ethnographer having rare qualities of scientific know- 
ledge, patience in observation, enthusiasm for truth and sympathetic insight, 
during a long residence among the Trobriand Islanders, and as such it has an 
assur^ place in scientific literature whatever its format. When such a sub- 
ject is presented with litemy charm and a wealth of picturesque description 
in the form of an attractively produced popular edition it is inevitable that 
the book will be sought after by very many who are not actuated by the same 
motives as the author. There is also the danger that, taking advantage of 
the licence allowed under the guise of science, this example may be followed 
by a spate of similar works written by people neither so well qualified to write 
nor so highly motived as Prof. Malinowski. If these are confined to the recital 
of facta it may be possible to endure them, but if in the name of science we are 
to be treated in the future also to verbatim and detailed accounts of aU the 
imaginative myths, legends, and stmies relating to sex life which may be 
redbMl to invimtigatorB in this field, our literature will not be enzicbed. 

Even in this work some material has been included which is out of place 
in a popular book. This includes some imaginative stories which, being no 
better nor worse than those which could bo overheard elsewhere than in 
Melanesia, and being without foundation in fact, as far as the author could 
aaoertaan, make no obvious contribution to scienoe and could have been 
omitted. For other reasons the discussion of sexual perversions is inadvisable 
in a popular work. If it is deemed necessary to make a record of sex matters 
wbkn Dorder on the pathological, the proper place for sudi a record is a 
scientific journal. The mediou investigator does not publish in popular form 
detyUs of his experience which it may not be in the public interest for all and 
•ttndty to read, and it would be well if scientifio wo&era in such fields as this 
vmulid exeidse the same restraint when popular editions are being issued. 
The omisskm of a few pagee would have made such a pirotest unneosssary in 
niitloa to the pr ss s nt work. 
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The fobfaet matter in the book wliieli has arcmaed incMt latereet le the 
llbbrfamudbi^ igoorance ol paternity, and ^ influence ot this cnrioite 
fdienamenon upon the whoto of their ni^7 system. It seems to tibe reviewer 
that VtoL BCaUnowski has not sufficiently emphasised the importance of a 
my sterio us factor without which this ignorance of the share of the male in 
^prooreaticm could hardly have persisted. We are given to understand that 
marriage is not entered upon at a much earlier age thu in our own civilisation, 
that sexual intercourse is as regularly practised from adolescence until 
marriage as in the married state, that no contrace^ve measures are em- 
ployed, and that, nevertheless, premarital pregnancy Is rare. To quote from 
p. i66, it is very remarkable to note that illeritimate children are rare. 

ghls seem to remain sterile throughout then period of licence, which 
begins when they are small children and continues until they marry ; when 
my are married they conceive and breed, sometimes quite prolifically. . . . 
To have prenuptial children is . . . considered reprehensible.'* The author 
admits that this constitutes an unsolved problem, and he goes on to say that 
** it is amusing to And that the average white resident or visitor to the Tro- 
briands is deeply interested in this subject only, of all the ethnological prob- 
lems (mened to him for consideration.** He does not suggest, however, that 
H ti ox fundamental importance to these other ethnologies problems. 

From toe fertility inquiry carried out in England at the census of 19x1 it 
was found that girls married at the age of seventeen would have on the average 
tocee children each before toe age of twenty-foiur, the mean age at marine 
in the population being about twenty-five years. The mean age at xnarriage 
of the Tobrianders is not estimated, but even supposing it to be flve years 
younger than in England, an average of about two prenuptial children per 
girl would be expect^ if unrestricted intercourse were practised from adoles- 
oence onwards in the manner described. In the ordinal course of nature as 
it is known to us this is what would happen, and not only would the family 
mtem of the islanders be impossible, but they could scarcely have fallen into 
m error of overlooking the causative association between sexual intefcourae 
and pregnanev and consequently founding a matzilineal system of succession, 
social obl^ations, and taboos upon it. For this reason it is pusriing why 
Prof. Malinowski treats this merely as an interesting detail and does not see 
in this unexplained mptery a fundamental missing in his chain of origins. 

In its many other features the work is a model of paixistaking and thorough 
ethnogrwhic fieldwork, and of synthetic description of the results of such 
work. *rhe new edition is well produced and efiEectively illustrated. 

P. S. 


flw PiydiologF ok a PximitiT« Paopto. A Stndp of iho AjutraUan AborigiiM. 

By Stanuy D. Pokixous, Professor of Clinical Psychology in the 

University of Hawaii. [Pp. xv + 438, with 48 illustratioiu,] (Lon- 
don : Edwin Arnold A Co., 1931. Price 30s. net.) 

Noaiiai, psychology means for us the psychology of normal white pso{de living 
in a highly civilised state. The question whether tire generalisa^^ derim 
bom a study of the comparatively small section of the population erf the 
world to which we belong are also true for less civilised peopus is one which 
has often been discussed without leading to any very pomve ^/^t*"*"*^* 
Are then innate radial differences in psycholc^Cical traits, or can the differenoee 
in bdiavionr obeerved be attributed to differences in opportunity and environ- 
ttmt ? AnUiropologiats have had much to say on this aubjeot, but this 
book offars an iqiproach from an angle different from theirs, as it di»WT <b ff an 
snaarination of primitive groups made by using the quantitative of 

modem er^erimental peychology. A few invwtigations of tide have 
been Carried out in other parts of the world, bat this etndy to be a 
pkwee r one aa far as the natives of Australia are conoemsd. Ihsse pso^ss 
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lorn idtoal matttiil in eome ways, sitioe they are aapposed to oonatltate a 
hooiogeneaiis race which waa aegregated for a long time before the arrival of 
EuxtqpeaBS and which is spread over the enormous area of a continent in whkh 
a great diversity of physical conditions is found. 

Prof. Porteous says that from the inception of tibe work he determined to 
interpret his task in as broad a psychological sense as possit^. Besides the 
aetnm testing he decided to make a survey of the conditions of life in difierent 
districts and of the customs of the people which might be taken to indicate 
mental difierenoes. The first part of ms long book, which forms just half of 
the whole, is entitled ** Abori^al Environment/* and it aims alt giving a 
complete picture of the conditions of native life in the localities visited. 
This is wcmen in the form of a narrative of the expedition, and it is a ludd 
and entertaining account which should be appreciated by the general reader. 
The districts ^wted were the extreme noj^-west of the continent — the 
coastal regions of Dampier Land and the inland district of East Kimberley — 
and Centr^ Australia. The comparatively fevourable cond^ns found in 
tfae former region are contrasted with the dancers of the central deserts, where 
drought and scarcity of food are perpetually feared. Even in this descriptive 
part the writer adopts the attitude of an apologist for the natives, and he 
questions how their social life could have bew better organised to promote 
survival in times of str e ss . Occasional tests were applied to the natives apart 
feom the scheduled list. For example, it has frequently been asserted that 
they are able to recognise the footf^ts of any individual with whom they 
happen to be acquainted. An ac^al trial showed, however, that the most 
slmnil did not have more than fifty per cent, of successes, and no native 
could distinguish with certainty the footprints of his fellows from those of 
white men. Their skill in tracking animals cannot be doubted, and it has 
often been suggested on this account that their senses are more acute than 
those of dvili^ people. No tests of sensory acuity seem to have been taken 
by the members of this expedition. 

The second part of this book is entitled ** Aboriginal Intelligence,'* and 
the first six chapters of it deal with such general questions as tl^ handicaps 
of environment, beliefs and customs, and die mendd attributes which can be 
estimated from data of this kind. The question of the origin and dispersion 
of the natives over the continent is considered incidentally and it is concluded 
that the landing was in Western Australia and that the dispersal over the 
continent did not take place until after the habits of the race h^ become fixed 
and established. In dealing with matters of social anthropology the author 
had to rely primarily on the records of earlier investigators, since his own stay 
in the country only lasted for five months. He contends that nearly all the 
customs of the natives had their origin in expediency and wt, though many 
have been neatly modified, they s1^ serve to consolidate the social groups. 
The general conclusion seems to be that the culture is remarkably uniform for 
all these groups and that the slight modifications which are found were 
adaptations to local environmental conditions. Of the two groups which he 
examined Prof. Porteous says that they ** have in the main the same tribal 
organisation, the same ideas and social customs, the same fundamental 
beUafii, the same modes of life, the same dependence on the same animals and 
plants for subsistence. Yet though the materials of existence are identical* 
the struggle to obtain them is en&ely difEerent in degree. . . . What efEect 
would thb modification of physical environment have on racial character and 
intsWgence ? " This question cannot be answered then from a comparative 
study of customs, habits, and social institutionB, and if any solution is to be 
reached it must depend on estimates of " racial character and intelligence " 
of nftt h w 

1& tho fint three^uarten of this book then it little new natwi*! jmtaatad 
saA no new mettode sie need. Some of the oondneions reeebed are ntiier 
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rnovtH nd there ia no docbt tiut thase b» cootet t ac L ItkclaliiiNMlttM^ 
tii6 eoiidttditlg dMfitm brack ]iow grpQiid ill ^ 

Ancltclii. i» oosomied, since they give the zesoHs of a difCGt eyamin at ton of 
physloal and mental capacities. The difficnltiea of the inquiry ate first 
The tests had to be limited to ones which could be made inde- 
pendent of verbal instmctiona, and they also had to be as easy and as f a mi l i a r 
to the subjects as possible. The schedule adopted actually took about ninety 
minutM to apply. The mental tests were designed, as far as possible, to test 
Innate as diranct from acquired abilities. After reading the lengthv intro- 
duction to this inquiry the reader may well be disappointed when he finds 
that the total numben of natives tes^ are 130 men, zi women, and zay 
ddldzen. For various reasons the full schedule was not applied to all these 
subjects, and it must be remembered that they had to be divided into groups 
incit^ to make comparisons between the populations in the two areas >^ted. 
It may be safely asserted that on the basis of such meagre material no answers 
of any permanent value could be given to the important questions enunciated. 
The sample might have to be increased tenfold before any reliable condnsions 
could be reached. The small sires of the samples examined might have been 
compensated for to some extent by taking a large number of measurements. 
Recocds of five anthropometric characters are cc^dered first, vir. sitting and 
standing height and the length, breadth, and height of the he^. The differ- 
ences of the male adult means for the north-west and central groups are just 
significant in the case of the head length and breadth, but it would be unsafe 
to tuisiimt that there are distinct racid varieties in the two districts without 
further evidence. The so-called psycho-physical measurements relate to five 
muscular tests and vital capacity, and no significant differences whatever are 
found for these. The only other tests applied to the adult subjects are eight 
designed to measure temperament and intelligence. They are a maze test, 
a test requiring the assemblage of drawings of different parts of common 
objects, another dealing with wooden geometrical figures which have to be 
placed in spaces made to recdve them, a digits memory test, two simple visual 

tbec^migement of a set of cards in the order ofthe^mber of dots 
each. Omy one significant difference is found between the average perform- 
ances of the natives of the north-west and central areas respectivMy. For all 
the tests applied no markedly significant differences were found between these 
two groups, and, as far as this investigation can show, it would be unsafe to 
assert that they are differentiated in any way. At the same time the inquiry 
was not extended enough to show that there are no differences of any con- 
sequence between the ch a r acters of the two groups examined. Comparisons 
with the records available for other races suggest that the Australian nativas 
are as inferior as any other primitive peoples and the average mental age of 
Ihe adults is about the same as that of normal white children eleven years 
cdd. DifScttlties of techziique and the uncertainty as to whether the ziatives 
were really exerting themselves to the utmost in performing to which 
thty axe nnaocustomed make such results difiBcuh to intexxuet, however. 
Pkol Pcsrteous ends the description of his experimental work rather abruptly, 
and we aie not offmd any solutions to the main problems which he had set 
out to examine by these means. His general conclusion is " that the Auittm^ 
liims aaarace are unadaptable to our kind of civilisation, although excellently 
adjuated, both socially and psychologically, to their own natural environ* 
mmt** This is a pioneer study, and u work in this direction is to prove of 
permanent value number of individuals examined must be greatly in- 
ersnaed. Tliereiaanobv]Ottaneed,too,foranextensbnofthenttmb^oftaati 
titam, and many of aenacny and othm physiological charaotera might be added 

witb advantage. 
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RONALD ROSS 

1857-1932 


For, as I take it, Universal History, the history of what man has accom- 
plished In this world, is at bottom the History of the Great Men who have 
worked here. They were the leaders of men, these great ones, the modelien^ 
patterns, and in a wide sense creators of whatsoever the general mass of men 
contrived to do or attain ; all things that we see accomplished in the world 
are properly the outer material resists, the practical realisation and embodi- 
ment of Thoughts that dwelt in the Great Men sent into the world : the soul 
of the whole world's history, it may justly be considered, were the history of 
these. Too clearly it is a topic we shall do no justice to in this place I ** 


Yet let us say it is at all times difELcult to know wM he is, or how to 
account far him or receive him 1 — Carlylb. 


Sir Ronald Ross was born on May 13, 1857, at Almora in the 
Himalayas. At Almora there were peace and pleasant coolness, 
and the ever-changi^ views of the snows of the loftiest peaks 
in the world — ^a fitting birthplace for one who towered above 
his fellow-men in his genius, his patience and his high moral 
courage. Ross came of a family some of whom had served 
with distinction in India. His father, General Sir Campbell 
Claye Grant Ross, K.C.B., commanded on the Afghan Frontier 
when Lord Roberts marched to Kandahar. He was a man of 
culture, and has left many delightful water-colour sketches of 
Indian scenery. 

Ronald Ross remained in India until 1865. He was educa- 
ted in a private school in England ; and at the age of seventeen 
began the study of medicine at St. Bartholomew's Hospital, 
London. The choice of his {urofession was made by his father ; 
the son wished to become an artist. He was, as he tells us, not 
interested in medicine. At that time his mind was developing 
on broad lines. He was too deeply concerned with life as a 
whole to concentrate on the detaib of a medical curriculum 
and he attained no distinction in his examination. To some 
he may have appeared a dreamy lad, late in developing. The 
tree with fine-grained wood grows slowly. It was not till 
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many years lata- that he turned to the study of disease, and then 
it was to concentrate on its jjrevention. At the time of which 
I write he was much more interested in philosophy, poetry, 
mathematics, and music than in medicine, but on reaching 
maturity he was in all these branches of science and art far 
above the average. He attained supreme distinction in one 
branch of science, but had his father not made him a doctor 
we can hardly doubt his genius would have won for him a 
similar distinction in mathematics or philosophy, or have burst 
into poetry or music that would have added lustre to the annals 
of our race. " I will remark again, however, as a fact not 
unimportant to be understood,” says Carlyle, ” that the 
different sphere constitutes the grand origin of such distinction ; 
tlmt the Hero can be Poet, Prophet, King, Priest, or what you 
will, according to the kind of world he finds himself born into. 
I confe.ss I have no notion of a truly great man that could not 
be all sorts of men.” 

Green Pastures 

So we find Ross for ever turning to music and mathematics, 
and to poetry which is musical thought. Creation was a joy, 
recreation, and refreshment in which he forgot the worries 
of life. They were green pastures and still waters. After 
the serious illness in 1927 which paralysed his left side and 
limited his activities, he published or republished some of his 
early romances and poetry. Philosophies came out in 1910, 
Poems in 1928, Fables and Satires in 1930 and Lyra Modulata, 
written when a studrat at “ Bart’s,” in 1931. These contain 
many pieces of moving splendour, mingled with bitter satire, 
wit, wisdom and imagination. His three romances. Spirit of 
Storm, Child of ^ Ocean, and The Revels of Orsera show the 
careful word-painting of one with an observant eye, but 
there are brilliant passages that some believe to be the best of 
Ross’s writings, better even than his best poetry. In Ernie 
records the thoughts and feelings of his early days in India. 
It has the unic^ue distinction of containing a poem written by 
the poet-scientist himself on a discovery that made him one 
of the greatest benefactors of his race — written while the lens 
of his microscope was still dim with sweat of his travail. 

" At His command. 

Seeking His secret deeds 
With tears and toiling breath, 

1 find thy cunning seeds, 

O million-murdering Death. 

**,I know this little thing 
A myriad men will save. 

O Death, where is thy sting, 

Thy victory. O Grave I ** 
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The words of a prophet and poet 1 " Once again the most 
precious gift that Heaven can give to the Earth ; a man of 
genius, as we call it.” was walmng among men. A " Great 
Man,” a ” Hero ” Carlyle would have called him. We shall see 
how the world is to treat him. Fortunately he is no misty 
jBgure in the past. We knew him, some intimately and famili- 
arly : and he has left us documents throbbing with human 
interest. His poetry tells us much ; his letters to Manson 
show us the ” Hero as Scientist ” at work ; his Memoirs fill up 
the ^ps in the story, and give us his thoughts in the evening of 
his life. 

After obtaining his medical qualification, Ross entered the 
Indian Medical Service, taking a rather low place in the entrance 
examination, and sailed for India in t88i. His official duties 
did not occupy his whole time ; and his over-ample spare time 
he filled by working still at his poetry and mathematics and by 
taking part in the usual sports of the Station. But the misery 
of life in India, the cruelty of its caste rules, the poverty, famine 
and death could not fail to cause a reaction in the new recruit, 
a reaction which became more intense as the years passed. 

Can we not Cure? 

It was the suffering in the wards of his Indian Hospital that 
was to bring out the greatness of this Great Man ; 

** The painful faces ask, can we not cure ? 

We answer. No, not yet ; we seek the laws.” 

They drew him to that deeper study of disease which has 
attracted so many of the distinguished men of the Indian 
Medical Service, brought laurels to them, and made that Service 
the greatest medical service the world has seen. Ross had now 
found the work of his life. From now on life had for him a 
definite purpose ; the ship had swung to its true course, to 
which it held as long as life remained. So 1 889 found him in 
London studying the new science of Bacteriolc^ and working 
for the newly created Diploma of Public Health. “ The great 
heart, the deep-seeing eye ” understood that many of the 
diseases of India were preventable, but preventable only if 
their cause was understood ; that disease was one of the chief 
causes of poverty ; and that of all the diseases malaria was 
the one which, in the words of the Government of India, is 
*' in many tracts a scourge far greater than either plague or 
cholera ” and that " it maims as well as kills, and causes more 
sickness, misery, and death than any other single disease.” 
And the researches of others have added to the indictment. 
” H directly responsible for an enormous number of deaths 
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ftwB Smxba», dysentery, nq;>1iiit», abscesses, txmvuUcnis 
in dtmdren, aisd other mseases due to germs uphich in^ 
beosittse the vitality of the victim has been lowered by malaria.** 
In his choice of a disease for study, Ross had chosen even more 
wisdiy than he knew. 

Cm his netum to India he commenced work on malaria. 
Unable to identify the parasites of the disease described by 
lAveran, he began to doubt their existence. He fell into error, 
reached wrong conclusions and, as he says, '* All my laborious 
studies during these years 1890-4 were ineffective.” But 
the time was not entirely wasted. He was learning to use his 
tools and becoming a master in his craft. 


Patrick Manson 

Ross’s next leave in England in 1894 brought him into 
contact with Patrick Manson (born in 1844), who with truth 
has been acclaimed the ” Father of Modern Tropical Medicine.” 
Manson 's interests were chiefly medical — in the restricted sense 
of the word — but he had a great heart as well as a great mind. 
Ross and Manson were irresistibly drawn to each other. 
Manson placed all his knowledge of malaria at Ross’s disposal 
and with his power and influence was to prove an invaluable 
ally and a true friend to the younger man in the difficulties 
that beset him during the next few years when success or failure 
was to mean so much to humanity. 

From his work on Filaria bancrofti in China, Manson had 
become convinced that this parasite escaped from the blood 
of man by the agency of the mosquito to live outside man ; 
and his studies of the malana parasite had led him to believe 
that it also passed part of its life outside the human host. 
Manson thought that a certain form of the malaria parasite was 
the first stage of this extra-human existence ; that part of this 
stage was spent in the body of the mosquito, and that on the 
death of the mosquito the parasite passed into water, and 
returned to man once again when he drank infected water or 
inhaled infected dust. Active research on malaria was being 
pursued in many parts of the world. All the excretions of the 
malaria patient had been examined, but nowhere had the 
parasites been found except in the blood of man. Manson 
convinced Ross that there was a strong j^ima facie case for 
studyii^ the mosquito, and Ross left for India determined to 
follow the line of research suggested by Manson. 

The point at which the investigation was to begin was the 
curious writhing thread which bursts from the crescent-shaped 
parasite some time after blood has been drawn. Most workers 
believed that this was a death agony, but Manson thought, 
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and time has proved he was right, that these curious flagella ’’ 
were a phase designed to continue the parasite’s life outside of 
its human host, and inside the mosquito. 

** Follow the flagellum " was Manson’s advice. Unfor- 
tunately it proved impossible to '* follow the flagellum.” It 
disappeared utterly soon after it entered the mosquito's stomach. 
Ross could find no trace of it in the insect. But as if he had 
heard Masefield’s song of the watchers of ships — 

” Adventure on, for from the littlest clue 
Has come whatever worth man ever knew ; 

The next to lighten all men may be you . . . 

with ” only one star to steer by, Hope,” on he pressed. 

Two strenuous years of work brought no result, but in that 
time Ross acquired a knowledge of the structure of the mosquito 
and worked out a technique for examining the insect. He 
toiled all through the hot weather — Indian hot weather I would 
have you remember — but as failure followed failure he became 
exasperated and worked till he ” could hardly see his way 
home.” He tells us of his ” dark, hot, little office ” ; he could 
not use a punkah as it blew away his mosquitoes. ” The 
screws of my microscope were rusted with sweat from my 
forehead and hands, and its last remaining eyepiece was 
cracked 1 ” ...” I was tired, and what was the use ? I must 
have examined the stomachs of a thousand mosquitoes by this 
time. But the Angel of Fate fortunately laid his hand on my 
head,” for under Ross’s microscope at that moment was the 
very thing he sought. He looked — ^the problem is solved. 

The Discovery 

He had found two hitherto unknown factors : first where 
the parasite appeared in the tissues of the mosquito, and what 
it looked like ; and secondly, the special kind of mosquito in 
which the parasite was to be found. This appears to me to be 
the zenith of Ross’s genius, for nothing but the eye of genius 
could have recognised the tiny parasite as it lay among the cells 
of the stomach of the mosquito. And I would like to emphasise 
that it was human malaria, and not bird malaria, which he 
discovered in the mosquito. The solution of the Great Problem 
— as he calls it — ^had then been found. 

Having discovered these two unknown quantities, the rest 
of the research presented no difficulties to Ross ; and he would 
have finished ms work in a few weeks but for his unfortunate 
transfer to a part of India where there was no malaria. 

It was some months, even with Manson’s influence, before 
he was able to resume his work on malaria. In Calcutta the 
great epidemic of plague had raised fear even of the prick of a 
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needle in the native mind, and Ross, who was now working thw, 
was unable to obtain malaria subjects. At Manson 's suggestion 
he demonstrated the remainder of the life-history of the parasite 
with the malaria parasite of birds. And what he found was 
something that neither he nor Manson had anticipated. The 
parasite which he found growing in the mosquito’s stomach 
ultimately divided into thousands of minute threads ; these 
found their way to the salivM^ glands of the mosquito ; when 
the mosquito bit man and injected its poison into him, the 
malaria threads were also injected. The parasite — after pass- 
ing an essential stage of its life-histoiTr outside of man — 
returned to man by the same route that it left him. 

Claims were afterwards made by the Italians that it was 
they who had proved that human malaria was conveyed by the 
mosquito, but it cannot be too definitely stated that it was not 
the Italians, but Ross, and Ross alone, who first discovered that 
the malaria parasite grew in the mosquito. What the Italians 
^d was to confirm Ross's work on the later stages of the life- 
history of bird malaria in the mosquito, by repeating his 
procedure with human malaria. There was nothing really 
original in what the Italians did. Ross had removed all the 
^fficulties before they began their work ; they followed his 
methods exactly, and simply confirmed his conclusions. Ross’s 
work in 1897-8 was so exact that since then nothing has been 
added and nothing taken away. 

The fundamental discovery of the infection of the mosquito 
was made on August 20, 1 897, at Secunderabad, and the whole 
work was completed in time for Manson to announce it to the 
Tropical Section of the British Medical Association at Edinburgh 
in July 1898. His announcement created " a profound sensa- 
tion among the members,” who stood up and cheered. 

The discovery was important not only because it showed 
how malaria spread ; it was hardly less important because it 
turnedmen to investigate insects as thecarriers of other diseases, 
and within a few years the germs of yellow fever, relapsing fever, 

E lague, typhus fever and sleeping sickness had all been shown to 
ave insect hosts. Thus does a fundamental discovery open 
wide the flood-gates of knowledge. 


Cost what it Might 

Soon afterwards Ross left India. Those who have read 
his Memoirs and have seen the correspondence with his depart- 
mental heads which preceded liis resignation, will realise that 
the value of Ross and his work was unfortunately not under- 
stood in India. From 1889 his life had been devoted to the 
di^very of the cause of malaria, so that it might be prevent^. 
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After long and laborious years of work he had achieved success 
of vital imi)ortance to the world. He was now filled with an 
equal devotion to the cause of preventing the disease. He felt 
he had no guarantee that in India his time would not be wasted ; 
and, cost him what it might (it cost him half his pension to leave 
the Service when he did), he was not the man to allow himself 
to be diverted from what he regarded as a clear duty to the 
millions who suffered and died from the disease every year 
throughout the world. 

" Think, though yon thunder on in might, in pride. 

Others may follow fainting, without guide. 

Bum out a track way for them ; blaze it wide." 

On leaving India Ross became Professor of Tropical Medi- 
cine at the Liverpool School of Tropical Medicine, and he threw 
himself whole-heartedly into the work. He paid a number of 
visits to the tropics, either for the purpose of research, or of 
advising various Governments on sanitary problems. But he 
was not particularly happy in Liverjwjol, partly because he, 
who had treated thousands of patients suffering from tropical 
diseases in India, was held not qualified to treat tropical diseases 
in Liverpool — he was not given beds in the local hospital be- 
cause he did not possess the de^ee of Doctor of Medicine — 
partly because he was underpaid ; but mainly because his 
energies were cramped. Neither Liverpool nor the Empire 
knew how to use the services this Great Man was straining to 
put at their disposal. In despair he left Liverpool in 1913. 

So he began consulting work in London, and was building 
up a large practice when the Great War claimed his services 
as Consultant on Malaria to the War Office. 

The Ross Institute 

After the War he was Consultant in Tropical Diseases to the 
IkCnistry of Pensions, but his health was not good. Later he 
became Director-in-Chief of the Ross Institute and Hospital 
for Tropical Diseases in London, with the design of making it a 
centre of treatment and research, as free as possible from the 
official control and restraint which had so handicapped him in 
his earlier life. 

The Institute was opened by the Prince of Wales in July 
1926. On behalf of the Institute, Ross visited Ceylon in 1925, 
and Malaya and India in 1926-7. This was his last expedition 
to the tropics, for at the end of 1927 he became paralysed on his 
left side. On recovering from the shock, he continued to take a 
deep interest in the work of the Institute, and in addition 
devoted much time to mathematical work, particularly the 
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difficult mathematical problems connected with epidemics. 
He had become Editor of Science Progress in 1913, and 
remained Editor till his death. Its readers are familiar with 
his views and the work he did for it. Like all peat men he 
held strong views, and he expressed them without fear or 
favour. 

In 1902 Ross received one of the earliest Nobel Prizes, and 
a few years later a Royal Medal from the Royal Society. 
Academic honours came to him from all over the world. He 
was made a Knight Commander of the Bath in 191 1 , and Knight 
Commander of St. Michael and St. George in 1918. These 
things pve Ross pleasure, but he was not a man to whom 
distinctions of any kind were an end in themselves. The aim 
and object of his life was to increase the happiness of his fellow- 
men. 

He had proved to his own satisfaction that malaria was 
preventable in many places, and therefore should be prevented ; 
but his medical colleagues understood neither his reasons nor 
his recommendations, and for many years there was a bitter 
controversy in which he did not spare his opponents. 


Mosquito Reduction Misunderstood 

There is nothing more astonishing to the writer of this 
article than the complete misunderstanding of what Ross had 
recommended as early as 1899. 

In my possession is a letter from one of the ablest men 
(C. W. D.) in the Colonial Service, showing that even he, who 
had been engaged in malaria research for many years and had 
been directly associated with Ross in his researches, had never 
grasped what Ross really meant. From the first Ross had 
included drainage as one of the methods of reducing the number 
of moscmitoes and so reducing the amount of malaria. Indeed, 
the world had during the centuries become aware of the paludic 
nature of malaria, and the good effect of the drainage of marshes. 
When confronted with a malaria problem due to swamps and 
marshes in 1901 at Klang in the Federated Malay States 1 
decided to employ the knowledge given us by Ross. When I 
had proved the existence of anopheles in the swamps and pools, 
these were drained by Government, and malaria practically 
disappeared. Yet the letter to which I have referred, dated 
August 20, 1903, says You have not in the least followed 

Ross's lines, but acted in opposition to them, as he advocated 
treatment seriatim of each breeding place and has opposed 
extensive engineering operations.” A few months later, 
February ii, 1904, I wrote to Ross : *' The idea of a quinine 
prophyla:RS was utterly out of the question, and seems to me, 
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with all due deference to Koch, to be of no value in practical 
sanitation (over 70,000 immigrants entered the State through 
Klang and Port Swettenham in 1901, a big order to examine 
the blood of all). Your method of breakii^ the malaria circle 
at the mosquito has been followed here, although for local 
reasons it seemed to me that the work should be done by the 
engineers rather than that I should organise mosquito brigades.” 

Like all pioneers, Ross met with scepticism and ne^ect. 
Lister had met with the same before him. The changes in the 
details of his method which Lister introduced from time to time 
had confused many of his contemporaries and confirmed them 
in their unbelief of both the theory and practice of antiseptics. 
It took a full thirty years to convince the profession as a whole of 
the scientific foundation and practical value of Lister’s system of 
treating wounds. In one way Ross was more fortunate than 
Lister. Ross’s discovery was a clear-cut piece of work which 
could be, and was, repeated exactly and its truth demonstrated 
convincingly. It could not in fact be challenged except by those 
who were literally blind. From the first it was accepted by 
Manson, Lister, Daniels, Ray Lankester and other scientific 
men. But in the practical application of the discovery Ross 
was at a great disadvantage when compared with Lister. 
Lister had his cases in his hospital wards, under his own care, 
and could apply his treatment without considering what other 
surgeons thought, and without having to obtain their consent 
and co-operation. His experiments cost nothing, and he could 
vary them as he pleased and when he pleased. But with Ross 
it was different. He saw from the firat that no one method 
could control malaria in all conditions in which it occurred. 
And he stated clearly that for full success further research and 
experiments were necessary. And although he could not and 
did not anticipate all the developments which have occurred 
in malaria control, he realised how much remained to be dis- 
covered and gave each new advance a cordial welcome. 

As time has shown, the prevention of malaria requires, in 
addition to a knowledge of the disease, a considerable under- 
standing of the biology of many species of mosquitoes. The 
larvae of the various species have very different habits and 
habitats. Some live in shade, and some in sunshine ; some 
live in dashing mountain streams ; to others, a current means 
death. ” Shade and Shine ” and a hundred different factors, 
chemical and ph}rsical, affect the insects ; they appear and 
disappear with the rapidity of a transformation scene when 
these factors are changed. And the malaria dependent on 
them comes and goes as if obedient to the wand of a magician. 

Mosquito reduction also requires a knowledge of land drain- 
age, and of the special refinements of drainage necessary for 
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anti-malarial work. This was not known thirty years ago when^ 
unfortunately for the world, an official experiment was made in 
order to test the practicability of preventing malaria by the 
destruction of mosquitoes. The experiment failed for want of 
knowledge, but, as Ross wrote to me, ‘‘ it will put back the 
hands of the clock in India for a generation." 

About the same time Koch suggested that if men t<^k 
quinine and killed the parasite in their blood, the mosquito 
could not become infected and malaria would die out. This at 
once appealed to medical men. Here was a thing they could 
understand, because they had been trained in curative medicine, 
not in entomology and engineering. For a whole generation 
this has been the chief method employed by medical men 
throughout the world in the prevention of malaria. 

To-day men know that quinine cannot do what was once 
claimed for it, but valuable time and many lives have been lost. 

The Sting 

Although successful anti-malarial work based on mosquito 
reduction took place in a few countries, notably in Malaya as 
far back as 1901, and at Panama in 1904, an acute controversy 
occurred in which Ross did not spare those who had said his 
discovery was of no practical value. Most countries, however, 
made no use of it. How bitterly Ross felt this is seen in his 
poem — 

“ THE ANNIVERSARY 

(zoih August, 1917) 

Now twenty years ago 

This day we found the thing ; 

With sdence and with skill 
We found ; then came the sting — 

What we with endless labour won 
The thick world scorned : 

Not worth a word to-day — 

Not worth remembering. 

** And clapp'd our hands and thought 
Your teeming width would ring, 

With our great victory — ^more 
Than battling hosts can bring. 

Ah, well — ^men laughed, 

The years have pass'd ; 

The world is cold — 

Some million lives a year. 

Not worth remembering I 

"* . . . but when true 
Achievement comes — 

A trifling doctor's matter — 

No consequence at all I " 
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The Man Misunderstood 

Just as his medical recommendations had been misunder- 
stood, so the man himself was for a time sadly misunderstood. 
This is recalled in some of the press notices of his death. One 
suggested he should have taken no notice of what he in trench- 
ant language called " Italian Brigandage.” He was accused of 
being wanting in modesty and reserve, egotistic, asking for 
praise and money, and to the outside world he often appeared 
the cynic, satirist, and pugilist. 

Such critics do not understand a Great Man as Carlyle did. 
” There is no Dilettantism ” in the Great Man ; " it is a business 
of Reprobation and Salvation with him ; of time and eternity ; 
he is in deadly earnest about it 1 ” " Not a mealy-mouthed 
man ! A candid ferocity, if the case call for it, is in him ; he 
does not mince matters 1 ” 

To Ross this was a matter of a million lives a year, and when 
he found the Temple of Truth filled with liars and robbers, he 
declared roundly they had made it a den of thieves. It is of the 
essence of the Great Man that he is sincere. ” No, the Great 
Man does not boast himself sincere, far from that ; perhaps he 
does not ask himself if he is so ; I would say rather, his sincerity 
does not depend on himself ; he cannot help being sincere.” 
Ross saw ” a world where much is to be done ” ; he asks, " Why 
has it not been done ? ” and tells men bluntly they are following 
a false path and false ideas. ” Personal manners, literary 
criticism, eloquence, sport, party politics, sectarian dogma,” 
are the ” modern equivalent of Indian Fakirism, by which, 
lost in lofty speculations, we are taught to remain content in the 
midst of starvation and disease.” And the results of false ideas 
of governments are “ precisely what may be imagined — cities 
built without sense or forethought, filthy slums, hovels filled 
with disease, gulfs of destitution ; and the voices who would 
better this state of affairs by scientific methods are lost among 
the yells of the opposing factions.” And he tells the medical 
profession, ” It is a body without a head.” “ The duty of 
the mofession does not lie merely in teaching and the care of 
the sick, but in everything that appertains to the health of the 
people ” ; and because it is not always dominated by this ” lofty 
ambition ” — “ it does not take a high enough stand with the 
public regarding scientific and sanitary matters.” 

He sums it up : ” The history of malaria contains a great 
lesson for humanity — ^that we should be more scientific in our 
habits of thought, and more practical in our habits of govern- 
ment. The neglect of this lesson has already cost many coun- 
tries an immense loss in life and prosperity.” True in 1910 — 
the loss is still greater by 1932. 
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Scientific Helots 

But how was this scientific habit to be attained ? Ross 
has very dear views how. It is no new doctrine that the 
labourer is worthy of his hire. Ross saw that the research 
worker was not properly paid, and wrote in his Memoirs : 
" If the world refuses to pay for world service, while it allows 
anyone to enrich himself by self-service, well, it is the world 
that suffers for its own folly. . . .” Odd conduct this, some 
thought, in a man who had received the Nobel Prize, and so 
many other honours 1 Hardly decent, lacking in modesty I 
But false modesty is no part of the make-up of a Great Man. 
Ross had said over and over again, “ I have solved a great 
problem-one of the world's greatest problems." To have said 
otherwise would have been insincere and false — and Great Men 
are neither insincere nor liars. When Ross said “ Pay ” he 
was fighting not primarily for himself — he was fighting for others 
and for good government. 

" Adventure on, and li you suffer, swear 
That the next to venture shall have less to bear ; 

Your way will be retrodden, make it fair.*' 

And it was not until the world had turned a deaf ear to his 
teaching that vrith dramatic force he quietly offered his archives 
for sale in Science Progress. For the first time his generation 
saw the truth, and was shocked to find itself responsible for 
one more of the tragedies which from time to time have defaced 
the pages of history. Happily disaster was averted. A fund 
of money was raised which drove out his anxiety for the future 
of Lady Ross and gave him pleasure in many ways. 


He visits Malaya 

A visit to Malaya in 1926 may be regarded as a turning- 
point in his thoughts. While most of the world had failed 
to use the knowledge he had given them, Malaya had forged 
ahead, quietly and steadily, since 1901. Ihe success at Klang 
and Port Swettenham had shown what could be done, and 
in 1904 Ross wrote to me : ** You have certainly saved the 
honour of the British people for scientific practical work. . . 

I should like to congratulate you for it. . . . 1 suppose you 
have read the wretched failure made at Mian Mir. ... I 
fear that experiment will put back the hands of the clock in 
India for another generation. However, your work may suc- 
ceed in putting them on again.” Of our g^eat successes in 
Malaya m 1909 he wrote : " Your extension of mosquito 
reduction to rural areas is great. I have never dared to moot 
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this, but have always doubted whether quinine alone will do 
much in the presence of many mosquitoes.” 

Ross had long desired to visit Malaya, but it was not 
until 1926 that he was free to gratify his wish. This delay 
was, for the Empire and the world, a pure tragedy. An illness 
had undermined his health, and compelled me, much against 
Ross's wishes, to curtail the programme I had mapped out for 
him. But no one who heard him in the College of Medicine 
in Singapore will forget his lecture. It was, as we now know, 
the last public lecture he was to give. On the walls hung maps 
and plans of the work, and charts showing how tens of thousands 
of lives had been saved on the island by the discovery that he 
had made. They were an inspiration to him. Despite the 
broiling heat of a Singapore afternoon, for an hoiu* he held in a 
spell a crowded audience as he told the story of malaria from 
the times of the Persians and Greeks, through the ages, till that 
very day when he had seen with his own eyes the triumphs of 
anti-malarial work both in the urban and rural areas of 
Singapore. It was an historic hour for the city. How its 
great founder. Sir Stamford Raffles, would have loved to have 
been present. 

After leaving Singapore he travelled with me for some six 
hundred miles, visiting towns, villages, estates, native holdings, 
tin mines, and rice fields. He saw malaria work on a scale that 
he had not fully realised. It was something like the dreams 
with which he had left India — ” The death pests would beg^n 
to come under control, would begin to diminish, even to dis- 
appear entirely in favourable spots. . . . Not disappear en- 
tirely of coiuse (perhaps an impossible ideal), but be at least 
banished from the centres of civilisation.” As we moved 
through the county, I showed him the places in which I had 
worked. I told him how the idea of Biological Control had 
grown from these researches, and his scientific mind realised 
more vividly than ever the almost unlimited possibilities in this 
method of stamping out malaria in places where the task 
might seem hopeless. But perhaps what comforted him most 
was to meet a people— officials and unofficials, administrators, 
medical men, business men, planters, and others throughout the 
length of the Peninsula — who had not to be convinced of the 
value of mosquito-malaria control, but who knew its value 
^cause they themselves had used it. Never before in his life, 
as he told me, had he seen this, or met men so advanced in their 
scientific outlook on the practical affairs of life ; for Malaya had 
earned the praise given to her medical administration by the 
late Sir Andrew Balfour, Director of the London School of 
Hygiene and Tropical Medicine, when he said it is “a story 
wnifffi is a Medical Iliad in its way, and shows what can be done 
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when the right men and ample funds are forthcoming.” And 
when Ross returned to London he reported to the Committee 
of the Ross Institute that the work in Malaya was ” the greatest 
sanitary achievement ever accomplished in the British Empire.” 
His sojourn in Malaya was balm to the bruises and wounds of 
the old fighter. What had been done in Malaya could be done 
elsewhere. The long night had passed. He had seen with his 
eyes, not the dawn, but the sun risen on a new day — the day of 
his dreams ; the realisation of what he had toiled for in his 
“ dark, hot, little office ” at Secunderabad, had fought for, had 
suffered for during thirty long and bitter years. 

How he felt about it may be learned from his inscription in 
the copy of Poems which he gave me, soon after we nejrt met in 
England, where I was to take over the malaria work of the 
Institute from him. The inscription reads : ” Sir Malcolm 
Watson, who proved the piece on page 77 was a damned lie. 
Ronald Ross, loth August, 1928.” On turning to page 77 I 
found ” The Anniversary, 20th August 1917 ” — the bitter poem 
— part of which I have already quoted. The sting had been 
drawn. At long last he felt he could put off his armour. 

A Humble Religious Man 

Although to the outside world Ross was the critic, the 
satirist, and the fighter, he was in fact a kindly, genial, and 
generous man, in fact over-generous. He was particularly 
Und to young men, and returned in full measure the help 
he in his time had received from Manson. Honest himself, 
he expected it in others, and he was sometimes the victim 
of knaves. He readily forgave errors, and mistakes, but never 
treachery, and to the end he was bitter against some who 
had played him false. Happily they were few. Treachery 
was to him the unforgivable sin, as it must be to the Great 
Man whose essence is Sincerity. 

At table — and he came daily to lunch at the Institute as 
long as he was able — his talk was usually instructive, and always 
entertaining, for he had travelled widely and observed critically. 
The meal was never dull. It was often illuminated by flashes 
of the wit and imagination that adorn his literary work, 
l^ere was absolutely not a trace of the unapproachableness 
with which some lesser men surround themselves. Chaff and 
good humour in which everyone joined always spiced the meal. 
The visitor was rapidly put at ease, for he found Ross a humble 
man-— 

“Before Thy feet I faU. 

Lord wte> made hi^ my fate," 

are words from his own Hymn of Praise. And it was at his 
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Lord’s feet in truth and humility he stayed, till He called him 
to rise. 

Ross married in 1889 Miss Rosa Bloxam, who proved a 
devoted wife and shared with him the early and difficult years 
in India. There were two sons and two daughters. The 
eldest son was killed in action during the retreat from Mons. 
A beloved daughter died in 1925. The death of his wife in 
September 1931 was a heavy blow under which he slowly sank. 
After her death he came to live at the Institute, where he 
received devoted attention and loving care from Miss Gray the 
Matron, and the other members of the nursing staff. 


A Life that cannot End 

He was patient in pain — ^happily in the last few weeks 
there was almost none, only increasing weakness. But despite 
his weakness there was the same solicitude for the happiness of 
others that had guided his life. The last letter he signed was 
addressed to me when I was in Africa. He was afraid he would 
not live until I returned, and he wished to explain something I 
might not have understood — something that would have made 
me unhappy. I could assure him, I understood perfectly ; but 
he spoke of it again a week before he died. On September 1 5 
his weakness increased rapidly. He had no fear of death. 
He slept most of the next afternoon, and it seemed as if he 
would pass away in his sleep. But about seven o’clock he 
awoke, smiled, and said, perhaps because he felt the days of 
seeing as through a glass darkly had come to an end, — I shall 
find out thinp— yes — ^yes.” And then he died. 

His long illness had been followed sympathetically by the 
public throughout the world ; and there had been touching 
suggestions of what might help him from many who were 
strangers. For the world now saw something of the stature of 
the man, and knew the common phrase would have more than 
the common truth : " How much poorer the world is by his 
death.” 

He died at the Ross Institute on Friday, September 16, 
1932, and a few days later was buried, by his express wish, 
beside his wife. 

" A little hour is given to apprehend 
Divine companions from the mortal friend. 

From mortal hearts a life that cannot end." 

Malcolm Watson. 
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Copy of a letter from General Gorges to Sir Ronald Ross in 1914. 


My Dear Sir Ronald, 


Hyde Park Hotel, 
Knightsbridge, 

London, England. 

March 23rd, 1914. 


Before leaving England I wish to express to you the 
debt of gratitude we all feel to you for the great work you have 
done in the field of Tropical Medicine. As you are aware 
Malaria was the great disease that incapacitated the working 
forces at Panama before our day. If we had known no more 
about the sanitation of Malana than the French did, I do not 
think we could have done any better than they did. Your 
Ascovery that the mosquito transferred the malaria parasite 
from man to man has enabled us at Panama to hold in check 
this (hsease, and to eradicate it entirely from most points on 
the Isthmus where our forces were engaged. 


It seems to me not extreme, therefore, to say that it was your 
discovery of this fact that has enabled us to build the Canal at 
the Isthmus of Panama. 


As this is an expression of my personal opinion as to the 
great value your important work has been to us in sanitation 
at Panama, you are at liberty to use this letter in any way 
you please. 

With kindest regards and best wishes, I remain. 

Yours sincerely, 

(Signed) W. C. GORGAS. 

Sir Ronald Ross, 

18, Cavendish Square, 

London, W. 
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RONALD ROSS AS A POET 


By LASCELLES ABERCROBIBIE 

Men of science have often had keen and deep artistic interests. 
Indeed, the scientific mind is much more likely to be interested 
in the arts than the artistic mind in the sciences. But Ronald 
Ross was not a mind to be classified under one of our con- 
venient departmental headings. Science gave him a profoundly 
aesthetic satisfaction, and art for him was but a transvaluation 
of scientific truth. When the poet in him saluted the Unknown 
Power, it was in these noble terms : 

" He is the Lord of Light ; 

He is the Thing l^at Is ; 

He sends the seeing sight ; 

And the right mind is His,” 

The Thing That Is — ^the seeing sight — the right mind ; what- 
ever was precious to the scientist was precious to the poet ; 
scientist and poet differed only in expression. The result is 
something unique in our literature. 

Restless, eager, inquisitive, ingenious, and withal unweary- 
ing and rigorously determined — these were but the surface 
qualities of a mind essentially creative. Avid of fact, impatient 
to penetrate the significance of fact, equally impatient of any 
significance that could not be verified ; thus the scientist 
created something of the world he desired, a world of exquisitely 
accommodated interrelationship out of the apparently irrational 
chance-medley of things ; and thereby incalculably benefited 
humanity. But this was not enough. The creative energy in 
Ronald Ross must be poet as well as scientist. Now many 
men have poetic sensibilities, intuitions, fancies ; but that 
does not make them poets. The remarkable thing in Ross was 
that he had mastered the technique of poetry as thoroughly 
as he had mastered the technique of science ; and poetic tech- 
nique is no more a mere external activity than scientific 
technique ; the mastery of either can only proceed from a 
perfected habit of mind. They are totally mfferent habits ; 
out in Ross they both sprang from one central source. 

Ross as a poet is not to be judged as a scientist who had a 
cultured taste for versifying ; he is to be judged as a poet 

a6 3S3 
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writing poetry. In those apparently simple lines quoted above, 
no one accustomed to estimate poetic art could tail to detect 
the hand of a master. When Mr. Marsh published his famous 
first volume of Georgian Poeiry, intended to represent the new 
voice in poetry, Ronald Ross was one of the chosen contributors. 
It was not as a poetic scientist that he was chosen, but simply 
because his poetry was eminent as such. As it was then, it is 
now, and, we may be pretty sure, will continue to be. But 
the peculiar, indeed the unique, quality of his poetry will 
always be this : that it is the poetry of one who was both 
scientist and poet. Those (there will always be some) whose 
appetite for poetry is insatiable will read all of him ; but the 
remarkable sequence of lyrics called “ In Eidle ” will surely 
stand as one of the acknowledged masterpieces of modern 
poetry. Here the poet most closely accompanies the scientist ; 
and here too his poetic technique is most his own, equally 
notable for its terse concision and its command over the 
inmost power of words : 

Deep, deep in league with Fate, 

Fate fast in league with Sorrow, 

And Sorrow with my state, 

I would that I could bonow, 

" O Deep, a depth from thee, 

O Fate, thy fixdd calm, 

O Sorrow, what to me 
Thou givest not, thy balm ; 

** That I might worthier show 
A scorn of your controls. 

And let Misfortune know 
Iron chains make iron souls." 

“ In Exile ” is the poetic commentary on one of the most 
momentous researches in the history of science. No reader will 
fail to respond to the dramatic splendour of its climax : 

" This day relenting God 

Hath placed within my hand 
A wondrous thing ; and God 
Be praised." 

The lines are well known ; they have often been quoted. 
But the poem is not called " In Exile ” for nothing. With 
singular power, and memorable emphasis, it describes the 
dreadful tyranny of tropical nature, which holds captive, body, 
mind, and spirit : 

** A Land of clamorous cries ; 

Of everlasting light ; 

Of noises in the sides 
And noises in the night/' 
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There is no night ; the Sun 
Lives thro* the night again ; 

The image of the Sun 
Is burnt upon the brain/* 

Here must the exile live in close companionship with 
human misery : 

** A race of wretches caught 
Between the palms of Need 
And rub*d to utter naught. 

The chad of human seed/’ 

There are moments of despair ; there are moments of 
resignation and blind hope '' : 

** So one in prison thrust ; 

He ages span by span. 

But in &e prison dust 
Becomes a better man. 

So one is blind from birth ; 

All day he sitteth still ; 

He cannot see the earth. 

But heaven when he will/* 

But through many changes of mood, the faith of the scientist 
maintains itself : the peak can be climbed, and shall be I And 
at last comes the reward, and the crowning vision. Thus the 
poem is more than a personal record — more even than an 
impassioned meditation on the duties and privileges of science 
in this divine world. It is a poetic philosophy of life, nobly 
written, the thought and feeling and imagery of which will 
stand as solid art when much that is more talked about to-day 
has gone for ever. 
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This review is a continuation of the survey of Eddin^on's 
researches in the quantum theory, which was introduced in the 
last number of Science Abstracts by a summary of the relevant 
mathematical analysis. The present article deals with the 
physical applications of the theory. 

The Idea of a " System ." — The fundamental idea of the 
quantum theory is the concept of a " system," i.e. a set of 
physical entities which can be studied without reference to the 
other physical entities not included in this set. It is clear that 
a finite intelligence can only gain knowledge of the external 
world by isolating systems from the surrounding universe, 
and it is equally clear that the knowledge so gained is inevitably 
partial and limited in character. This appears to be the 
epistemolo^cal ground of the principle of uncertainty. Edding- 
ton has pointed out (ref. 8, 332) that the mathematical treat- 
ment of the historical development of a system is only rendered 
possible by treating the system as a whole and by referring 
the changes in the system to a proper time which is a variable 
independent of the co-ordinates specifying the system. It is 
therefore necessary to distinguish between the " public ” time 
of a system and the " private " times of its component parts. 
This concept of time as the reference scale of change is a faithful 
mathematical representation of the Aristotelian notion of time 
— " tempus nihil aliud est quam numerus motus secundum 
prius et posterius." 

Tfu interaction of Two Systems . — ^The isolation of a system 
from its environment is a mental isolation by which a part is 
treated as a whole. Hence it is possible, in thought if not in 
reality, to break up a given system S into sub-systems Si, S„ . . . 
and to consider these sub-systems as isolated systems. As 
isolated systems Si, S|, . . . will possess their own public times 
extending over their component parts, and, as components of 
the original given systems S they will fall under the public 
time of S. _ Now the order of knowledge reverses the natural 
order of being. We begin with the theory of one particle and 
then pass on to consider a system of two particles. In this 

S9« 
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passage from a consideration of two isolated systems St, S«, 
to a angle system S composed of St and St, the public times of 
St and St are eliminated and replaced by the public times of S. 
According to Eddington, the transformation involved in this 
passage introduces into the wave equation the terms recognised 
as interaction energy (refs. 8, 71 1, 8. 322). 

Simultaneity at^ Relativity. — It is an immediate consequence 
of the preceding considerations that simultaneity can be recon- 
ciled with relativity. By treating a system as a whole and 
referring its changes to its public time we implicitly introduce 
simultaneity in different parts of the system, and this simul- 
taneity has an absolute significance. But on breaking up the 
system into its component particles we have to consider the 
private times of each particle, and for these private times the 
relativistic transformations are valid (ref. 8, 321). 

The universe as a whole furnishes the perfect example of a 
system both mentally and really self-complete. Hence there 
is a public time measuring the changes in the whole universe 
and providing the absolute standard of simultaneity. But this 
“ cosmic ” time does not supersede public times of smaller sys- 
tems when these are indiviclually the objects of our study. 

The Wave Equation for One Particle — Geometrical Theory . — 
The starting-point of Eddington’s theory is the recognition of 
the fact that the wave function is a matrix of one column with 
foiu elements ij^i, (j<« (such an entity is called a <J<-vector). 
This fact is accepted without inquiry or explanation. It is, 
howevCT, clearly associated with the fact that according to 
relativistic theory the time axis is drawn in different directions 
by different observers. In classical theory, with a unique time 
axis, the single wave function of Schrodinger is related to the 
probability that the particle will be located in the volume 
dxdydz at x, y, e. But in relativistic theory we must consider, 
as on an equal footing, the four probabilities that the world- 
line of the particle will intersect the hyper-surface elements 
^dyde, dydedt, dedxdt, dxdydd. These four probabilities are the 
probability density and the components of the probability 
current. It is, at least, plausible that the existence of these 
four probabilities implies that the wave function i}* has the 
structure postulated by Eddington on the basis of Dirac’s 
heuristic investigations. 

It has been emphasised by Darwin that ({^vectors cannot 
be expressed in terms of space vectors. On the other hand, 
Eddington has shown that space vectors and tensors can be 
reached from a calculus of »j;-vectors. He therefore begins with 
the transformation theory of 4^vectors summarised in the 
previous article. 

The linear transformations of i);-vectors are specified by 
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matrices of four royn and columns, and any such matrix is 
therefore eaprsaible as a linear function of the sixteen matrices 
fE^jf of a “ complete set/' e.y. : 

Q«» cos + sin |6 • 

The outer product of two 4<-vectors, forms a matrix T whose 

|i, v—element is This matrix represents a ijctensor. If 

the (^-vector is transformed according to the law 

the ({^-tensor is transformed according to the law, 

T'-QTQt, 

since the E^^/s are skew matrices. Hence to any group of 
transformations of a (Jcvector there corresponds a group of 
transformations of a t);-tensor. 

If a ({/-tensor T is expressed in the form, 

T= S 

the sixteen numerical coeflficients, called the matrix 
components of T, can be regarded as the co-or^nates of a point 
(in 1 6 -dimensional space) which represents the ({/-tensor T. 
The transformations of the ({/-tensor induce corresponding 
transformations in this 1 6 -space, and certain regions of this 
i6-space will remain invariant under any such group of trans- 
formations. These regions will be linear manifolds with only 
one, two, . . . dimensions. If T is a ({/-tensor whose repre- 
sentative point lies in such a region, the only surviving matrix 
components of T wll refer to the co-ordinates extending over 
this region and will equal in number the dimensions of thU 
region. 

This suggests the problem of deter m ining the group of 
transfomations of a ({^tensor which makes the number of 
dimensions of the invariant region a maximum. It is deaiiy 
sufficient to consider only infimtesimal transformations, with 
matrices of the form 

Q-i+i0-E„„ 

0 being an infinitesimal. Eddington has proved (ref. 1* sap) 
that the maximum number of dimensions of the invariant 
region is five, and that the corresponding group of transforma- 
tions is generated by five infinitesimal operators, i + J0 • E^, 
((»» t, a, 3 , 4 , 5 ), for which the five E„ form a perpenmcular 

If T is a ({/-tensor whose only non-zero matrix components 
are t,, t„ these components will behave uke an 
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ordinary space vector in the S'dimensional invariant region. 
The transformations of this vector are built up of circular 
rotations in /j, ^ and in and of hyperbolic rotations or 

Lm’entz transformations between these two groups of co« 
ordinates. Hence the invariant 5-space is like the space-time 
of relativity with an extra time-like dimension. 

To identify this 5-space it must be remembered that a 
completely isolated particle cannot be a subject for experi- 
mental physics. The simplest entity is a particle regarded as 
part of the whole universe. From this viewpoint there will be 
two times to consider — ^the private time of the particle and the 
cosmic time of the universe. Hence Eddington identifies the 
invariant 5-space constructed above with the ordinary space- 
time plus cosmic time. 

The form of the wave equation is now decided by the fact 
that it must be a differential tensor equation of the form 

W4»-o 

which must be invariant for all the permissible t];-transforma- 
tions. Hence W must have the form 



8 

dx. 


4. E j. £ ^ 



whence x^ »■ id, x, =» icw, t and w being real times. 

If the particle is in a stationary state 8(|;/8x, » o and only 
four terms survive. Hence the equation may be re-written 


It is shown below that the fifth term in Dirac’s wave equation 
represents the interaction of the particle with the universe. 

The Wave Equation for one Particle — Dynamical Theory . — 
Another avenue of approach to the wave equation is suggested 
by the theory of wave tensors (ref. 8), i.e. (^-tensors, J,f or which 

in - -i * + . . . + Oi)- o- 

If the components j\, j, of J are prescribed, the two 

factors of J, and are partly determined by the equations 


(j\Ei + . . . + y,E,) 4 ' “ o, 
and 4<t(yiEi + . . . + y^Ei) *« o. 

These equations closely resemble Dirac’s wave equation, but 
here the /’s are ordinary numbers, whereas in Dirac’s equation 
the coefficients of the E’s are differential operators. 

As was explained in the last article, the wave tensor J is 
equivalent to two 4-vectors X and P which are at right angles. 
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Eddington interprets this fact by regarding X as a positional 
vector and P as a conjugate momentum vector. The orthogon- 
ality of X and P then appears to imply that positional relation 
are only obtainable in the 3-space orthogonal to P. This is in 
harmony wnth the general principle of indetenninacy and sug- 
gests Eddington’s theory of public and private time. The 
6-vector S, obtained from the vector product of X and P, is 
associated with the electric and magnetic moments due to spin. 

The Interaction of Two Electrons . — ^Two electrons may be 
regarded as two isolated systems or as the components of a 
single system. In the first case the wave functions for two 
electrons without interaction must be products of the wave 
functions for the electrons taken separately, and the corre- 
sponding wave equation will be 


where 

and 


(W + W') - o 

W - + £■„ + E-.. + E-.. 3®,-. 


If the two electrons are regarded as forming one system, 
we must identify the domains of the two sets of co-ordinates 
(xi, Xg, Xt, X4) and (x't, x\, x'„ x\). This identification leads 
to a certain “ principle of et^uivalence ” (ref, 2 , 712). A charge 
in the second set of co-ordinates (dx'i, dx'„ dx'$, dx\) arising 
from the displacement of the second electron must be equivalent 
to some change in the first set of co-ordinates, arising from a 
quasi-rotation of the first co-ordinate system, and vice versa. 
This quasi-rotation is 

dxt « x'g/d^t dxg - x'td% dxg — x\d%, 

dx4 - *V04 dxg - x\d^i + x']d% + x'ld^t + x\d%t 

with - dx'Jx'g (fi » 1, 2, 3, 4). (refs. 2 , 703, 713, 8 , 321). 

The corresponding transformation of the ij^-vector is 

i (Eiirfe* + E„d6, + E,.de, + E 4 ,d 04 ) • 

Hence, if and are the wave functions for the two 
electrons regarded as isolated and united respectively, 


; x'^ + d*V) -{i - (E„dx\ + . . . + E., <&'.)} ; «V) 

therefore 


dx\ dx\ 
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Hence the equation satisfied by is 
(W + W' + I) 

where 

I ““ “ (EjfE^i, + EifE'ti + EifE ^ + Ef^E **). 

This is the interaction operator. 

In order that (*», x^, *«) may not be changed by the 

quasi>rotation we must have ** = o. This suggests that the 
x\ in the denominator of I is the cosmic time interval occupied 
by the transmission of interaction, i.e. that x\ is proportional 
to the distance r between the electrons. The form of the 
interaction operator I then agrees with that devised by J. A. 
Gaunt. Unfortunately the theory does not eliminate the two 
proper times *4 and x\, from the equation, and, to this extent at 
least, it requires modification. 

The Fine Structure Constant. — ^To make the wave equation 
so constructed agree with experiment, as summarised in (hunt’s 
equation, it is necessary to write x^ = x^, and x^ r/aa where 
a is the " fine structure constant,” 2n^lhc, with a numerical 
value of about 1/137. Eddington has given a subtle but not 
entirely convincing argument to prove that 2*,' =• i37r. 
Only the general principle of the reasoning will be summarised 
here — ^namely, the origin of the mystic number 1 37. 

The tj^-vector for two electrons is subject, not only to the 
transformations specified by the sixteen operators, 

cos + sin iO.E,,, 

but also to the 256 transformations specified by 
cos i0 + sin J0. E«» E'„. 

The most general infinitesimal transformation of <{> is 

(0M>' + %r) + (0,^ — 0,^)} . 

where 

J (F,.F/ + F.F/), f,. - i(F„F/ ^ F.F/), 

using the single suffix rotation for the E’s. The y-trans- 
formations are distinguished by the fact that if is symmetrical 
or anti-synunetrical in the co-ordinates of the two electrons, this 
tsharacteristic is preserved by the transformation. The f-trans- 
formiations destroy this feature of ij/. Now the presence of r 
in the denominator of the interaction operator and the identi- 
fication of and x\ exclude all rotations of the wave equation 
save those which are antisymmetrical. Hence only the y- 
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transfonnatioiis are admissible and the number of these is 
i6 + }«i6.i 5>-I36 (ref. 708). 

A further distinct type of transformation arises, according 
to l^^ngton, from the variation of the distance r between the 
dectrons, and this brings up the total numbor of transforma- 
tions to 137. 

Th$ Cosmical Constant . — Eddington derives the fifth term 
in Dirac’s wave equation (zimclh) from the interaction of an 
dectron with all the other changes in the universe Since the 
E's and £"s form two perpendicular sets, the interaction opera- 
tor for a single pair of electrons satisfies the equation 

and its proper values are ± 2«/r. 

For N dectrons the total interaction operator will satisfy 
the equation 

I* - 4«*S(i/r*) =. 4 N«VR, 

and its proper values will be ±2VN«/R where R is a mean 
value of r averaged over all the electrons and presumably of 
the same order of magnitude as the radius of curvature of the 
Einstein static universe. This leads to the identification of 
(sTswc/h) with aVN^a/R, or a number of the same order of 
magnitude. 

By a modification of this argument Eddington derives the 
equation 

2 nmcjh — VN . a/R. 

The theory of the Einstein universe gives 
GNM/c* - JtcR, 

where G is the constant of gravitation, M the mass of a proton 
and N the number of protons in the universe. 

Hence the cosmical constant is 

I /2GM\* / 2 Tmtc\* 

R*“V K ; A A «7 

The value of i /R* calculated from this equation is in fair agree- 
ment with that inferred from the apparent speed of recession of 
distant bodies (ref. 4 ). 

The Mass of the Proton . — ^The wave equation for one dectron 
should accordingly be written as 
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By taking R/VN as the natural unit of length, and by 
takii^ « to be 1/136, this equation becomes 

{i 36 i(E,.-g|+. . .) + i}4.«o. 

On the other hand, the Schrodinger-Gordon equation for a 
neutral particle of mass p is in ordinary rotation 

or say, 

• • •) + 

in “ natural ” units. 

Eddington suggests (ref. 6) that just as the linear equation 
refers to an electrical particle with 136 degrees of freedom for 
each particle with which it interacts, so also the quadratic 
equation refers to a neutron with 10 de^ees of freedom for the 
transformations of its associated space-time. Hence ^ 10. 

Again, this may imply that the first term in each equation 
represents electrical and mechanical energy respectively. If 
this is so, the full wave equation for an electrical particle 
should be 



This equation is resoluble into two linear factors of the form 

udiere X satisfies the equation 

X* — 136X -I- 10 — o. 

The roots of this are 135*9264 and 0*0735692. Hence the 
equation corresponding to the first root is ^actively the same 
as the linear equation with which we started. 

The other equation corresponds to a particle of mass greater 
than the electron in the ratio 

135*9264 : 0*0735692 - 1847*60. 

this agrees closely with the mass of the proton in electronic 
units, and a closer examination of the effect of interaction to-ms 
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in the equation verifies the fact that the partide described by 
the second equation has a change + s. 
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AinnOVOXT. By R. W. Wriglby, M.A., Royal Observatory, Edinburgh. 
Double Stars. — ^The publication of the New Cerural Catalog of 
Double Stars within 1 20 degrees of the North Pole, by Dr. R. G. 
Aitken, maria an epoch in the history of double-star observa- 
tion. Burnham produced his General Catalogue in 1906, and 
thereafter he continued to collect references to all measures and 
orbits of double stars published too late to be included in that 
work. In 191a he handed over all his material to Prof. Eric 
Doolittle, who carried on the tabulation of all new measures 
and discoveries until his death eight years later, when Dr. 
Aitken came into possession of his card catalogues and other 
literature. All available material up to March 1927 has now 
Iteen included in two large volumes comprising nearly 1,500 

g ages and cataloguing no less than 17,180 double stars. They 
ave been published under the auspices of the Carnegie Institu- 
tion of Washington, and will be found invaluable both to the 
observer who wishes to arrange a workable and useful pro- 
gramme, and to the computer of double-star orbits. In order 
to confine his entries as far as possible to pairs of stars in actual 
physical relationship Dr. Aitken has adopted the limiting curve 
fog (distance in seconds) — 2*8 — 0*2 x magnitude, which gives 
an angular separation of 10 seconds for a pair whose combined 
magnitude is 9*0. This is a generous limit, and the smaller 
constant 3*5 is now generally adopted for new discoveries, but 
it has resulted in the exclusion of nearly one-third of the 
13,665 pairs listed in Burnham’s Catalogue, while it is calcu- 
lated that the whole sky contains some 27,000 visual pairs 
which satisfy the condition. It was of course impossible to 
print every individual measure, and the author has adopted 
the plan of combining all the available material into weighted 
means for time intervals chosen with due regard to the star 
motions. The star places are reduced to two epochs, 19000 
and 19500. The first measure after discovery is always given, 
followed by weighted means utilising all known measures 
except those listed in Burnham’s Catalogue, and Aitken’s 
knowledge and experience entitle his methods of weighting 
to be accepted with full confidence. Thus these volumes in 
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conjunction with. Burnham’s mve a complete record of all the 
work done on northern dotmle stars, a similar service for 
the southern hemisphere being done by Innes’s Southern 
Catalogue. The magnitude of each star and the spectral type 
(if known) are also given, and the measures are supplemented 
by notes on any available information such as proper motion, 
parallax, and radial velocity. A bibliography is also given, 
including all papers on the subject published between 1905 
and 1927. 

In lus George Darwin Lecture, Monthly Notices R.A.S., 
May 1932, Dr. Aitken summarises our present knowledge of 
double stars, and shows the value of the prodigious amount of 
material which has been collected. Among stars as bright as 
magnitude 9-0, one in every eighteen is a close double within 
the resolving power of modern telescopes. Convincing evidence 
has been obtained of the actual orbital motion of 1,49s pairs, 
one-third of which are of spectral class G, but accurate orbits 
can as yet be computed only for a small fraction of this number. 
These visual systems, in conjunction with parallax determin- 
ations, afford the only direct observational values of stellar 
masses, while measures of spectroscopic binaries give the mass 
ratios of their components but not the masses themselves. An 
interesting correlation has been noticed between the spectral 
class and the mass of a system, the latter showing a steady 
diminution as the former advances from B and A to G, K, and 
M. It has also been established that the eccentricities of the 
orbits increase with the periods, the short-period spectroscopic 
orbits being nearly circular, and the longest-period visual 
orbits being greatly elongated ellipses. These facts are doubt- 
less related in some way to the mode of ori^n and evolution of 
binary star systems, in the entire series of which there seems to be 
no definite evidence of discontinuity. 

In the Astrophysical Journal, vol. LXXV, No. 2, W. Mark- 
owitz reviews the present-day theories of their evolution ; 
{i) condensations around separate nuclei in a nebula ; (2) 
msion of stars ; (3) action of a resisting medium ; (4) growth 
of a planetary system. He assumes that the only forces which 
can influence the period, semi-major axis, and eccentricity of a 
binary system are those due to (i) tides ; (2) perturbations by 
other stellar systems ; (3) friction in a resisting medium ; 
(4) secular decrease of mass. The effects of these forces are 
wcussed in detail, and evidence is produced that none of 
them is sufficient to cause the changes necessary to transform 
short-period spectroscopic binaries into long-period visual 
systems. The average mass of the latter is apparently not 
much smaller than that of the former, and it therefore seems 
that a secular decrease in mass cannot be responsible for 
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lengthening the periods. Furtho*, a resuting medium would 
t«akd to produce a decrease in both period and eccentricity even 
if the bina^ in question were losii^ as much mass by radiation 
as it was picking up, while the fact that such a large proportion 
of known systems with periods between loo and 400 days have 
small eccentricities suggests that stellar encounters have not 
been responsible for changing them from long-period doubles. 
Markowitz considers it probable that all binaries had a similar 
origin, and that, unless there are other unknown and uncon- 
sidered forces in action, the periods, semi-major axes, and 
eccentricities of the orbits are all tending to decrease, the order 
of evolutionary development being from long-period to short- 
period systems. The paper raises many interesting questions, 
such as the average density of interstellar matter, and whether 
it is sufficiently high to enable stars to pick up enough mass to 
provide compensation for their loss by radiation, and thus to 
maintain approximate equilibrium. But its conclusions will 
hardly secure general acceptance without further evidence. 

Visual measures with the filar micrometer have hitherto 
been responsible for the great bulk of the material relating to 
double stars, and they are still essential for dealing with the 
very close pairs which are generally the most interesting and 
important. But Hertzsprung and other investigators have 
demonstrated the value of photography for providing accurate 
and consistent measures of pairs whose images do not overlap 
upon the plate, and with large telescopes excellent results have 
been obtained with an angular separation not exceeding one 
second when the components have been fairly equal in bright- 
ness. Two lists of photographic measures have lately been 
published by W. M. Smart in Monthly Notices R.A.S., vol. 
XCII, pp. 37 and 207. The photographs were taken with the 
Sheepshank Equatorial Coud^ at Cambridge Observatory, the 
scale being 1 mm.- 3S'‘2, and were originally obtained for 
parallax and proper motion determinations. Measures of 440 
double stars are given, and, with a few exceptions, the distances 
all exceed three seconds. Dr. Smart considers that the results 
are comparable in accuracy with the best visual observations 
even with so small a separation as this. In order therefore to 
achieve the most rapid progress it seems advisable for the visual 
observer to concentrate his attention on the very close pairs, and 
leave the rest to be dealt with by photographic methods, pre- 
ferably, of course, with large instruments. 

Ste^ Proper Motions . — In the Astronomical JoamtU, No. 
979, W. J. Lu^en gives a list of 441 stars with proper motions 
exceeding o’s annually, in addition to revisions and corrections 
to his earlier catalogue of such stars published in the JJek 
Observatory Bulletin, No. 344. In the new Ust ao8 have been 
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found Iqr Ross and 105 by Lu3rten himself, wMle 38 stars given 
in the former list are now cancelled. In the two publications 
there are now available 1,153 stars with motions of 0**5 or 
mops, all components of visual binaries beingcounted separately. 
This number will be considerably increased when the systematic 
survey of the southern sky which is now in progress has been 
completed. 

Minor Planets. — For many years Eros has held pride of 
place as being the planet maUng the closest approach to the 
earth. It is therefore remarkable that the year 1932 has seen 
the discovery of two new bodies which at certain times come 
well within the 13,800,000 miles which, even under the most 
favourable circumstances, divide us from Eros. Both these 
n<w planets were discovered by the aid of photography, for, as 
might be expected, they are very small, with diameters of the 
order of only two or three miles, and they are therefore difficult 
to observe except when they are near perihelion. The first 
discovery was made by Delporte at Uccle on March 12. Its 
minimum distance from the earth is only about 10,000,000 
miles, its period is 2f years, and the eccentricity of its orbit is 
0*45. On March 22 its distance from the earth was nearly 
minimum, so the discovery was made under very favourable 
conditions, and another dose approach will be due in 1943. 
Delporte’s planet held its record for only six weeks, for 
on April 27 Dr. Reinmuth at Konigstuhl observed an object of 
the 1 2th magnitude with a retro^ade motion in R.A. much 
larger than that of any known minor planet, and it was first 
assumed to be a comet. The orbit was calculated by Dr. 
Stracke, of the Berlin Rechen-Institut, and shown to be elliptical 
and highly eccentric, the period being i -6 year (since altered to 
1*8) and the eccentricity exceeding 0-5. Not only is this 
eccentricity the greatest known, but for the first time an 
asteroid has been found with an orbit actually coming inside 
those of the Earth and of yenus, the inclination to the ecliptic 
being about 6 degrees. It is possible for this body to approach 
the earth to within 2,000,000 miles, and such an approach 
should recur after periods of eleven years. Papers by Dr. A. C. 
Crommelin on these two asteroids are printed in the Journal of 
the jBriUsk Astronomical Assoc,, May and June 1932. He 
mentions the possibility that Reinmuth ’s object may originally 
have been ejected from the earth when the latter’s temperature 
was much higher than at present, while in Copenhagen Circular 
ATo. 365, V. Guth suggests that Delporte’s planet may at some 
past epoch have split off from Eros, seeing that their orbits still 
approach to within 4,000,000 miles. A diagram showing the 
i^mtkm of the orbits of these two asteroids to those of Venus, 
the Earth and Mars is given by G. Stracke in Astronomischs 
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Nackricktm, No. 5878. For about a century it was thought 
that the orbits of Mars and Jupiter marked the limits of the 
paths of the minor planets, but now those limits are pushed 
back to the orbits of Mercury and Saturn, and it is quite possible 
that these small bodies are distributed over the whole solar 
imtem. This makes it still more difficult to draw a rigid 
distinction between comets and asteroids. Orbits of large 


eccentricity and high inclination are no longer peculiar to the 
former, and the only real difference seems to lie m the develop- 
ment of a surrounding coma. It has not been possible to 
determine directly the mass of an asteroid with any certainty, 
and they have generally been regarded as solid and continuous, 
while in the case of comets the evidence is in favour of their being 
formed of matter loosely compacted. But the recent observa- 
tions at Johannesburg, which showed a distinct elongation in the 
shapes of both Eros and Pallas, point to the fact that asteroids, 
as well as comets, are not solid and homogeneous bodies, but 
consist of aggregations of many pieces of matter. This natur- 
ally su^ests a common origin for the two groups, the asteroids 
being possibly the final product of cometary disintegration. 
But as it is not yet known whether the comets were born within 
or without the Solar System the prime mystery of their origin 
and also of that of the asteroids still remains unsolved. 


The Deflection of Light in the Sun’s Gravitational Field. — In 
Zeitschriftfiir Asirophysik, Band 4, Heft 3 (1932), R. J. Trumpler 
criticises the Potsdam observations of the 1929 eclipse, from 
which a value of 2*'24 was obtained for the deflection of a ray 
of light grazing the sun’s limb. This figure was considerably 
higher than any previously obtained, but it was claimed that a 
re-reduction of the Lick measures of 1922 raised the then 
adopted value of i'*77 to 2'*2, thus securing a satisfactory 
agreement. Trumpler vigorously maintains the accuracy of 
the original figure, and considers that the higher value obtained 
by the Potsdam reduction is due entirely to an unsuitable 
cnoice of weights and an arbitrary exclusion of certain stars. 
In addition, he points out certain weak points in the Potsdam 
1929 observations. The star field was very unsymmetrical, for 
out of the 18 stars bright enough to be photographed no less than 
17 were located on one side of the sun. The reduction was 
based on the assurnption that the light deflection was, in accord- 
ance with Einstein's theory, inversely proportiohal to each 
star’s angular distance from the sun’s centre, whereas in the 
final results the deflections were not so proportional. The 
method used for the scale determination is regarded as unsound. 
A collimating telescope was used to copy a r^seau of fine lines on 
each of the eclipse and the comparison plates, and it was as- 
sumed, unwarrantably according to Trumpler, that the anfl^ 
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corresponding to a r^seau interval remained unchanged during 
the period of six months which elapsed between the two sets of 
otoervations. A new reduction of the measures in which a 
value for the scale correction is derived from the stars them- 
selves, all the plate constants being redetermined with the scale 
value added as an extra unknown, gives the result i '*75 ± o'^i 3. 
This agrees almost exactly with Einstein’s prediction, with the 
published results of 1922, and with the earlier observations 
of 1919 - 

Prof. Freundlich and the other Potsdam astronomers 
remain in direct disagreement with these conclusions, and 
reply to them in a paper which immediately follows. They 
maintain the accuracy of their measures, their method of 
reduction, and their system of weighting, and claim that by 
deriving the scale value independently of the star field itself a 
distinct advantage has been derived. Meanwhile, work is 
proceeding on the plates taken with the astrographic telescope 
at the same eclipse, and a further discussion is promised when 
this is completed and additional evidence thus becomes avail- 
able. There is no doubt that the measurements are very near 
the limits of observational determination ; in the photographs 
made at each eclipse there have been anomalies in a certain 
number of stars, some showing too great a deflection, others too 
little, some being shifted nearly at right angles to the expected 
direction and others nearly opposite to it. Very different 
results can therefore be obtained by altering the methods of 
weighting, and it is clear that the observational data are not 
yet perfectly satisfactory. Further investigation is obviously 
necessary as occasion offers. 

Royal Observatory, Greenwich . — In his report (June 1932) to 
the Board of Visitors the Astronomer Royal refers to his coming 
retirement under the Civil Service age limit, and reviews the 
work of the observatorjr during his twenty-two years tenure of 
office. During this period its activities have been continually 
extended to keep pace with the newer developments of astron- 
omy, but this has not entailed any sacrifice of the fundamental 
observations for which it was originally founded. The deter- 
mination of the positions of the sun, moon, planets, and brighter 
. stars, the variation of latitude, the constants of aberration and 
nutation, and visual measures of double stars all figure promin- 
ently on the observing programme. But photography has been 
broi^ht into much more general use, as in the determinations 
of stellar parallax, proper motions, standard magnitudes, 
effective wavelengths, and the absolute colour temperatures of 
stars. The ordinary solar photographs have been supple- 
mented by daily observation, whenever possible, with the 
i^pectro-h^oscope. The broadcasting of signals has been 

27 
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added to the responsibilities of the time department, and its 
equipment has I^n greatly improved by the acquisition of 
tmee Shortt free pendulum clocks as standard time-keepers. 
The electrification of the Southern Railway suburban system 
necessitated a transference of the magnetic observatory to 
ILeith Hill in Surrey, and the observing equipment is now of the 
most modem and efficient character. There is thus no branch 
of the observatory work which has not been maintained in a 
manner worthy of its traditions. The Astronomer Royal has 
the further satisfaction of seeing preparations well advanced for 
important additions to the instrumental equipment. A revers- 
ing transit circle of 7-inch aperture and 8 feet focal length, 
fitted with a motor-driven impersonal micrometer, is approach- 
ing completion, while through the generosity of Mr. Johnstone 
Yapp a 36-inch Reflecting telescope will shortly be mounted 
in a 34-foot dome erected on the site of the old magnetic 
observatory. 

The regard in which Sir Frank Dyson is held in astronomical 
circles throughout the world was fittingly demonstrated by his 
election as 6‘esident of the International Astronomical Union 
which met in September at Cambridge, Mass. His contri- 
butions to astronomy have been many and varied, but possibly 
the most spectacular was the organisation of the eclipse expe- 
ditions of May 1919, when Einstein's theory of relativity was 
first put to a practical test. It is, at any rate, typical of his 
vision, his enthusiasm, and his promptitude in action. Sir 
Frank will carry with liim into his retirement the affectionate 
respect and cordial good wishes of the whole astronomical 
fraternity, and especidly of those who have had at any time the 
privilege of working under his direction. 

nmoos. By L. F. Bates, B.Sc.. Fb.D.. F.InstP., Univwaity Collage, 

London. 

Gtrman Contributions . — An interesting paper by E. Vogt, on the 
ffiamagnetism and paramagnetism in series of mixed crystals 
of metals, contains an examination of the corrections to be 
applied to the measurement of susceptibilities by the Gouy 
method when the materials under investigation contain traces 
of ferrom^etic impurities. The Gouy method is that in which 
a long uniform cylinder of the material is suspended from one 
vrm of a sensitive balance, so that one end of the cylinder is 
in the uniform field of an electromagnet and the other in a 
region where the magnetic field is very small. 

Although we have no exact knowledge of the way in which 
a ferromagnetic substance such as iron behaves when it is in 
the extreme ffilution which obtains when it is present as an 
imfnmty, it is generally assumed that the Honda formula 
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holds, vie. Xn"" *» + ®/H, where xh is the measured suscepti- 
l^ty when the field of the electromagnet is H, is the true 
susceptibility of the material, and a the intensity of magnetisa* 
tion of the ferromagnetic impurity in unit mass of the material. 

Now, it is dear from the experimental arrangements that 
the vdue of a must vary from one end of the cylinder of 
material to the other. Consequently, Vogt shows that the 
measured susceptibility is more accurately represented by 

■• *•+ ao'/H— aD/H*, where o' is the saturation value of the 
ferroma^etisation, and D is the area of that portion on the 
hysteresis diagram of the material, lying between the hysteresis 
curve, the axis of ordinates and the line o » o' — a portion which 
b practically a right-angled triangle. 

The formula just given applies to the case where one end 
of the ^linder is in a zero field, and it must be slightly modified 
if this IS not the case. Since H is usually several thousand 
gauss, the third term of the formula is usually negligibly small, 
and the Vogt and Honda formuls therefore differ mainly by 
the 2 in the second term. 

Vogt has examined the magnetic behaviour with atomic 
concentration of the mixed crystal alloys gold-silver, gold- 
copper, gold-palladium, and platinum-palladium at room 
temperatures. The diamagnetic series, gold-silver and gold- 
copper, show slight departures from the linear law of mixtures — 
the so-called Wiedemann rule, whilst the paramagnetic series 
gold-palladium and platinum-palladium show large departures. 

It is suggested that the Pd+ ions in the alloys take up 
electrons to form neutral Pd atoms which are diamagnetic. 
It is well known that by taking up hydrogen palladium 
becomes much less paramagnetic, and it is interesting that, 
concurrently with the increasing loss of paramagnetism with 
increaM in concentration of the noble metal in the silver- 
palladium and gold-palladium mixed crystals, their powers of 
absorbing hydrogen are markedly decreased. Moreover, the 
slow change of susceptibility with time which occurs when a 
gold-palla^um alloy is cooled to - 183° C. suggests a displace- 
ment of the equilibrium which may be assumed to exist between 
the number of Pd'*' ions and the numbo: of neutral Pd atoms 
presost in the alloy. 

Two papers on the Wiedemann-Franz-Lorentz constant have 
reoently appeared. This constant, often denoted by L, is 
defined as the ratio of the specific electrical conductivity of a 
metal to the product of its thermal conductivity and the 
absolute temperature at which these conductivities are de- 
termined. 

In one of these papers, H. Reddemann (Ann, der Phys.^ 
193a} describes experiments carried out with single 
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crystals of mercviry. He finds that within the limits of expeii* 
mental error the constant is the same along the several omtal 
axes at — C. Since the individual determinations of the 
conductivities vary by i or 2 per cent., there remains, of course, 
the possibility that a small difference may exist between the 
value of the constant for the several axes. The mean value 
of the constant is 2*55 x io“* ohm. watt deg.”* at — 76“ C., 
whidi is about the mean value foimd for other metals. 

At — 187® C., however, there are definite differences between 
the values along the several axes, and the value of L parallel 
to the principal axis is about 4 per cent, greater than that of 
L perpendicular thereto. It appears that the latter value 
continues practically unchanged between ~ 76® and — 187® C., 
whilst the value parallel to the principal axis increases. Kam- 
merlingh Onnes found with mercury (polycrystalline) a decrease 
in L at very low temperatures, as is to be expected from the 
behaviour of other metals, and the fact that the decrease occurs 
only at very low temperatures is in accord with the low value 
of the characteristic temperature of mercury. 

Reddemann also finds that 23 x lo”* and 27*5 x 10"* 
volt, deg.”* represent the differences in thermoelectric power 
along the two principal axes in mercury at — 76® and — 187® C., 
respectively, when the single crystal forms a thermoelectric 
circuit with another metal, such as constantan. The sense of 
these differences is such that at the colder junction the current 
would flow from the principal axis to the axis perpendicular to it. 

In the other paper, Goens and GrUneisen describe experi- 
ments on the electrical and thermal conductivities of single 
crystals of zinc and cadmium along the two principal directions 
in the crystals. Both metals exhibit a rapid rise in thermal 
conductivity at lower temperatures. It is found that the 
constant L, for directions parallel and perpendicular to the 
principal axis, is not very different from the aver^ value for 
metals, at room temperatures, but it decreases with fall in 
tempCTature the more rapidly for that direction which possesses 
the higher characteristic temperature. This direction is per- 
pendicular to the principal axis in both metals. The statement 
that the characteristic temperature is high for a given direction 
is, of course, equivalent to the statement that the velocity of 
sound is high in that direction. 

In the case of metals which crystallise in the regular system 
the thermal conductivity is found to be the same for a single 
crystal as for a polycrystalline specimen. In the case of metals, 
such as antimony and bismuth, which crystallise in the non-cubic 
system, Eucken and his collaborators state that a single crystal 
speomra has a greater thermal conductivity than a poly- 
ctystalline specimen. Bidwell states that this holds for zinc. 
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It is supposed to be an effect due to the size of the particles 
under investigation. Goens and Grilneisen, however, consider 
that the presence of this effect is not established in the cases 
of zinc and cadmium. 

The preliminary experiments described by W. Gerlach at 
the Physical Society’s discussion on magnetism \Proc. Pkys. 
Soc., iJondon, 48 . 418, 1930) have been elaborated by H. 
Broili {Atm. derPhys., 14 , 259, 1932). The latter has examined 
the longitudinal difference of potential established along a wire 
of iron or nickel whose ends are at different temperatures, when 
a longitudinal magnetic field is applied to the wire. 

For a given difference of temperatime between the ends of 
a nickel wire, this difference of potential attains a maximum, 
constant value when the material is magnetically saturated. 
It also attains a constant value when the magnetisation and the 
lower temperature, Tj, are maintained constant, while the upper 
temperature, T„ is above the (ferromagnetic) Curie point. 
When Tj is above the Curie point, 6, the difference of potential 
is given by E* — c (6 — Tx)*, where c is a constant. 

A wire of pure electrolytic iron is peculiar in that for a 
constant temperature difference between the ends of the wire 
the difference of potential rises to a maximum, then decreases 
to zero, and finally increases to a constant value in the opposite 
sense, as the magnetising field is increased. If, however, the 
wire is “ recrystallised ” at 600° C., it then behaves in a similar 
manner to a nickel wire, except that the sense of the potential 
difference is reversed. If only one-half of the iron wire is 
“ recrystallised,” a considerable difference of potential is set up 
between the changed and the unchanged portions, even in the 
absence of a magnetic field. 

The latter difference of potential shows a regular increase 
to a very slump maximum somewhere in the neighbourhood of 
850® C., and it appears to be connected in some way with the 
P, y change. It is, however, very extraordinary that there 
seems to be no indication of any abrupt change at the ferro- 
magnetic Curie point. The experiments are being continued. 

Some time ago Wentzel {Zeit. fUr Phys., 40 , 574, 1927) used 
the methods of wave mechanics to investigate the emission of 
electrons from the ground-levels of hydrogen-like atoms exposed 
to plane polarisea ultra-violet light. He showed that the 
probability of the emission of a photo-electron is greatest along 
the direction of the electric vector in the incident light. The 
l^bability of the emission of a photo-electron in any other 
direction is equal to the product of the probability of emission 
along the electric vector, and the square of the cosine of the 
angle between the direction of emission and the electric vector. 

These theoretical results have now been tested experi- 
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mentally by A. Kraus {Ann. dtr Pkys., 14 , 103, 1932). He 
illuminated a stream of potassium vapour by a beam of fdane 
polarised ultra-violet light from a cold mercury an. The 
beam of light was perpendicular to the stream, and the illumina- 
tion took place witmn a small cylindrical enclosure provided 
with slits for the entry of light and vapour, and for the emt of 
photo-electrons. The vapour pressure was so low that collisions 
of the second kind did not enter into the experiments. 

The photo-electrons emitted in a direction perpendicular to 
both light beam and vapour stream came under the influence of 
an accelerating field and passed through a series of slits into a 
Faraday cylinder. Consequently, by rotating the polarlscr, the 
angle between the electric vector and the direction of emission 
could be varied. The numbers of electrons collected by the 
cylinder for dilferent positions of the polariser agreed with 
those expected from Wentzel’s results. 

As is well known, very short electromagnetic waves may be 
communicated to a Lecher wire system by coupling the two 
wires, through condensers, respectively to the grid and plate 
of a valve, a high positive potential being applied to the grid 
and a low negative potential to the plate. Although the effects 
of the presence of traces of gases in the valves used for the 
production of these short-wave oscillations have been examined, 
two questions appear to remain open. These are, namely, 
whether the presence of gas is necessary for the production of 
the oscillations, and whether the nature and pressure of the 
gases have any effects on the energy and the frequency range of 
the oscillations. 

H. Rindfleisch (Ann. der Phys., 14 , 273, 1932) has recently 
carried out quantitative measurements with tubes — ^including 
one used by Barkhausen and Kurz when they produced such 
oscillations for the first time — containing traces of helium and 
neon. He finds decisively that the presence of gas is not 
necessary for the production of oscillations. He also finds that 
in all cases the presence of the gas produces an increase in the 
wave-length of the oscillations, in addition to a decrease in 
their intensity. Consequently, if the Lecher wire circuit is set 
for resonance when no gas is in the tube, the increase of wave* 
lei^h reacting on the admission of gas to the tube produces 
a further, indirect, reduction of the intensity of the oscillations 
— « reduction which has not been previously recorded. No 
reason for this reduction is given, but it seems to the writer 
that as the internal capacity of the valve plays a great part in 
the production of these oscillations, an lomsed gas with its 
lar|^ dielectric constant should play an important part in 
settling the value of the internal capacity, and, hence, of the 
wave-length of the oscillations. 
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A inromiung new method for the measurement of the con- 
ductivity of a poorly conducting substance, which may only be 
obtained in the form of a powder, is described by A. Vdlkl 
(j 4 nn. der Phys., 14 , 193, 1932). Earlier methods of measure- 
ment depend on the compression of the substance into a tightly 
packed pastille, and are subject, obviously, to serious error. 
The new method may be used for electronic and electrolytic 
semi-conductors, but, provisionally, its use has been restricted 
to substances with conductivities between lo"* and 3 k io"* 
ohm”* cm.”*. 

It requires the provision of two identical condensers. One 
is filled with a mixture of the substance under investigation 
with a good insulator — usually white vaseline or powdered 
silica. The other is filled with the good insulator only. Each 
condenser is in turn placed in parallel wnth a standard condenser 
forming part of an oscillatory circuit, and two resonance curves 
are obtained. From these curves the difference in capacity of 
the condensers and the damping produced by the semi- 
conductor, with a known frequency, can be obtained. These 
quantities are found for a range of frequencies and for different 
temperatures. The value of the resonance capacity, multiplied 
by the damping, is plotted against the logarithm of the wrave- 
length, for a given temperature, and from the position of the 
maximum the conductivity of the substance can be found at 
that temperature. 

For the theory which forms the basis of the calculation the 
original paper must be consulted. The method has been well 
tested both by Vdlkl and by Guillery {Ann. der Phys., 14 » 
216, 1932). 


BZOOXBMXirmT. By W. O. Kxrmack, M.A., D.Sc., Royal College of 

Phymciaiu, Edinburgh. 

Nature of Flower Pigments . — ^The investigation of the pigments 
responsible for the enormous variety of tints which exist in 
flowers has for long presented very great difficulties, but progress 
has been rapid since Willstatter and his collaborators first 
succeeded in purifying and determining the constitution of the 
essential part of the colouring matter of the blue cornflower, 
cyanidin. 

Of recent years this work has been rapidly extended, especi- 
ally by Robinson and his collaborators. It has now been 
possible to make a wide survey of the distribution, in various 
plants, of different types of pigments, and the results, although of 
a preliminary nature, are of very great interest and importance. 
Robinson and Robinson {Biockem. J., 86, 1931, 1687) give a 
full account of the methods used and a detailed summary of the 
resulbi obtained, while in Nature ( 110 , 1932, 21) the same 
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authors outline the chief results and the generd principles which 
emerge. The actual pigments which exist in the plants are 
glucosides, anthocyanins, compounds of glucose or some othw 
sugar with an organic compound, an anthocyanidin ; and it is 
this latter compound which is the seat of the colour. It is of 
very great interest to note in passing that Robinson and his 
collaborators have in recent years succeeded in synthesising not 
only a very large variety of anthocyanidins, but also a number 
of the complete glucosides, the anthocyanins, identical in all 
respects with the compounds as they exist in nature (see Science 
Progress, 87 , 1932, 27). A wide survey, covering many different 
orders of plants, brings out the fact that the anthocyanins 
which exist in nature are in almost every case derivatives of 
one of three compounds, pelargonidin, cyanidin or delphinidin. 
There are, however, some exceptions to this rule, e.g. gcsnerin, 
a s-saccharide of 4' : 5 : 7 : trihydroxyflavylium chloride, but 
the exceptions appear to be relatively few. 

Although it might appear that, by this limitation to three 
types of anthocyanidin, the variety of possible colours would 
be considerably limited, yet any possible disadvantage which 
the plant might suflFer from this is amply compensated for by 
the use which it makes of co-pigments. The discovery that the 
colours of a solution produced by the anthocyanidin, pelargon- 
idin, could be markedly modified by the presence of tannin 
was made by Willstatter and Zollinger {Liebig's Ann., 418 , 
1916, 19s), but the importance of these co-pigments in nature 
h^ only recently been brought out by Robinson and Robinson 
in the two articles quoted above ; for instance, it would seem 
that the pigment present in the violet corolla of the fuchsia is 
essentially the same as that present in the outer bluish-red 
petals, but that in the former case there is also present tannin 
which modifies the colour, making it more blue. In fact, it 
appears that varieties or closely related species although different 
in tint frequently have exactly the same pigment within their 
petals, and that the different colours are produced by variation 
m the amount or nature of the co-pigment, or by combination 
of ^th. Thus in ordinary lilac a co-pigment, which exists in the 
white flowers, produces the pale mauve colour in presence of a 
small amount of pigment, tending to deeper red as the amount 
of colouring matter is increased, whilst for the deeper bluer-red 
tints increase or modification of co-pigment as weU as pigment 
would seem to be required. 

It would appear that when closely related species or varieties 
are under consideration the variation in pH is not responsible 
for the change in colour, although this may play a part when 
Quite different species are concerned. Thus it was shown by 
Willst&tter and Everest {Liebig's Ann., 401 , 1913, 189) that the 
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pigments present in the blue cornflower and the rose and dahlia 
are probably identical, the former existii^, however, as the blue 
potassium salt and the latter two as the oxonium salt of an 
oi^anic acid. These results are obviously of great importance 
in the consideration of the problem of the origin and function 
of the plant pigments and also of their bearing on the phylo- 
genetic relations between different varieties and Afferent species. 
Apart from the actual results obtained, a very important advance 
is the development of methods for analysing the pigments when 
only a small amount of material is available, and with an 
amount of labour small enough to make a survey of a very large 
number of different plants a reasonable undertaking. 

Proteins . — During recent years Svedberg and lus collabor- 
ators in a series of papers in the Journal of the American Chemical 
Society (see also Koll. Zeit., 61 , 1930, 10) developed a method 
for the investigation of the size and shape of protein particles 
in solution, which is of very great interest and importance. 
The principle involved is a ve^ simple one. The rate of sedi- 
mentation of a particle in a viscous fluid depends on its shape 
and size, so that observations on the sedimentation give infor- 
mation on its shape and size provided that the viscosity of the 
fluid and the density of the fluid and the particle are known. 
When an attempt is made to apply this method to the particles 
present in a protein solution, which are very small, it is necessary 
to work with a centrifugal field equal to very many times the 
ordinary gravitational force. To produce centrifugal fields of 
sufiiciept intensity Svedberg has designed the " Ultracentri- 
fuge " which enables fields up to 100,000-200,000 times the 

g ravitational field to be produced It is not possible to describe 
ere the technical details of this remarkable machine. It must 
suffice to give a brief account of some of the more interesting 
conclusions, especially those of biological significance. It may 
first of all be remarked that Svedberg usually refers to the 
weight of the protein particles as their “ molecular weight,” but 
it seems clear that what is really determined is the weight of the 
separate particles or micelles which might be made up of a 
number of molecules. As, however, the words “molecular 
weight ” are convenient and are customarily used in the descrip- 
tion of Svedberg’s results, they will be frequently employed 
below, but the above reservation should always be kept in mind. 

It has been found that proteins may be divided into two 
classes. Those in the first class, which includes gelatin, casein, 
lactalbumin, histone, muscle globulin and euglobulin, exist 
in solution in the form of particles of various sizes, i.e. they 
are polydisperse. In the case of the proteins which belong to 
the second class the individual particles are, within experi- 
mental error, of exactly the same size. 
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Ovalbamin • \ 

Bence Jones protein / 
Hasmoglobin \ 
Serum albumin/ 


Serum f^lobulin 
Amandin . 
Edestm . 
Excelsin . 
Legumxn . 
C-Phycocyan 
i?-Phycocyan 
l?-Pbycoerythrin. 
Z.-H0Bmoc3ranin . 
H-Hmmocyanin . 


Ifolsoalsr uatilU* 

34.300 

65.000 (a X 34,500 approx.) 
103,800 (3 X 34.500 approx.) 

208.000 (6 X 34,300 approx.) 


2 , 000,000 

5,000,000 


It will be seen from the table that proteins of this homo- 
geneous type apparently belong to one of two groups, (i) those 
of relatively low molecular weight, 34,000-200,000, and (ii) 
those of very high molecular weight of the order of millions as 
exemplified by the haemocyanins. It is very curious to find 
that the proteins in group (i) appear to divide into four sub- 
groups: those with molecular weights 34,500; 2 x 34,500; 
3 X 34,500; and 6 x 34,500 respectively. Some kind of 
building-up process from a unit of 34,500 seems to be indicated. 
This conclusion is forcibly emphasised by two very interesting 
oteervations. The first is that the protein micelles in the first 
and fourthsub-groups are, according toSvedberg’s observations, 
approximately spherical ; whilst those in the second and third 
sub-groups are definitely non-spherical. This is just what one 
would expect if the 34,500 units were approximately spherical 
in shape and the micelles in the 2nd, 3rd, and 4th groups were 
formed from two, three, and six of these units. Seconmy, the 
proteins, e.g. in the fourth sub-group, in solution in al^i of 
sufficient strength undergo disaggregation into smaller particles 
of weight 104,000, 68,000, and ultimately 34,500. This dis- 
aggr^tion takes place without change in the isoelectric point. 

In a more recent article (Nature, 128, 1931, 999) Svedberg 
has described some unexpected results which he found when 
attempting to determine the molecular weight of lactalbumin. 
In the earlier work the proteins were purified by fractionation 
and crystallisation in presence of ammonium sulphate. It was 
found, however, that when this method of purification wasapplied 
to lactalbumin the apparent molecular weight of the protein pro- 
gressively increased during the process. Before treatment the 
crude lactalbumin had a molecular weight of about i ,000 and 
after some purification it rose to 12,000-25,000. This at once 
opened the whole question as to whether the results given above 
can be in anjr way taken as representing the molecular weights 
of the proteins as they exist in nature. Repetition of the 
observations, using simple extracts in dilute aqueous sodium 
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chloride solution, gave results substantially in agreement with 
those previously obtained. From this it is to be inferred that 
the proteins exist in their natural state with the molecular 
weights as given above. The one exception so far met with 
apart from lactalbumin is ovalbumin ; as shown in the table 
purified crystalline ovalbumin has a molecular weight of 34,500 ; 
when prepared simply by diluting the white of hen's e^ with 
I per cent, sodium chloride solution much lower but variable 
values were obtained. It is of some interest to note that in the 
case of preserved eggs values were always found agreeing with 
those for pure crystalline ovalbumin. It thus seems that oval- 
bumin may sometimes exist in the hen’s egg in a form ^th 
an abnormally low molecular weight which readily changes into 
the ordinary crystalline variety. Although the general results 
confirm the validity of the original determinations of the 
molecular weight, nevertheless the observation that in some 
cases the protein can exist in the form of unstable pro-protein 
units of relatively low molecular weight may prove when fol- 
lowed up to be of very considerable importance. 

As shown in the table, haemocyanin is an example of a protein 
belonging to the second group, its molecular weight being of 
the order of several millions. As is well known, haemocyanin 
is a respiratory pigment found in certain invertebrates where 
it plays the part taken by haemoglobin in the vertebrates. It 
diners, however, from haemoglobin in two important respects, 
that it contains copper instead of iron and that it does not exist 
in corpuscles, but in free solution in the blood plasma. It is 
known, however, that in certain species of lower animals respir- 
atory pigments exist in free solution and not in corpuscles 
which resemble haemoglobin in containing iron. J. and H. 
Barcroft {Proc. Roy. Soc., B., 96 , 1924, 28) have shown that the 
iron-containing pigment in Arenicola closely resembles haemo- 
globin spectrographically amd also in respect of its oxygen 
and carton monoxide affinities. Svedberg {Nature, 180 , 1932, 
434) has published observations made on respiratory piraents 
of this type. The pigment of Arenicola was found to have a 
sedimentation constant of 60 x 10““, indicatii^ a molecular 
weight of several millions. Chlorocruorin, the respiratory pig- 
ment from Spirowaphis which also contains iron and faurly 
closely resembles haemoglobin, is also found to have a molecular 
weight of greater than i ,000,000, whilst the pigment in Lum- 
brmts has a sedimentation constant of 68 x io~“, thus also 
havix^; a molecular weight of several millions. 

It would thus seem as if the extra-corpuscular respiratory 
pigments of invertebrates are charactensed by their hi^h 
mol^lar weight in solution ; and as Svedberg remarks, it mil 
be a matter of considerable interest from the biologicd point 
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of view to find out at what point in the process of evtJutiOB 
respiratory pigments having smaller molecular weights sudi as 
hemoglobin ^t came into existence. 

The ultracentrifuge, like most novel instruments of research, 
has enabled new ground to be opened up in more directions than 
one. Valuable information has been gained as to the stability 
of proteins under different conditions of acidity and alkalinity, 
but space does not suffice to^ discuss these points at greater 
lei^h. It is of great interest to note that the molecular 
weight of crystalline insulin has been determined by means of 
the ultracentrifuge. It is found to be about 34,500, and Sved- 
berg draws the conclusion that insulin belongs to the ovalbumin 
sub-group of proteins. 

Reversal of Protein Coagulation . — ^Whilst dealing with 
recent work on the chemistry of proteins attention may be 
directed to an interesting series of papers by Anson and Mirslqr 
on denaturation. It is now a considerable number of years 
since Chick and Martin Physiol., 40 , 1910, 404; 48 , 1911, i) 
found that the coagulation of a native protein, e.g. ovalbumin ; 
could be regarded as taking place in two stages. The primary 
effect, produced by the coagulating agent, heat, acid, alcohol, 
etc., consists in altering the protein from the original soluble 
form to a form no longer soluble at its isoelectric point, but 
ususdly soluble in the presence of sufficient acid or base ; in other 
words, a change from a hydrophilic to a hydrophobic colloid. 
The second stage consists in the precipitation of this insoluble 
form at its isoelectric point or by means of salts. Until recently 
it had usually been considered that the first stage, commonly 
called denaturation, was characterised by complete irreversi- 
bility. 

Some years ago Spiegel Adolph {Biochem. Zeit., 170 , 1926, 
126) brought some evidence to show that a certain degree of 
reversibility might sometimes be obtained. More recently 
Anson and Mirsky (/. Gen. Physiol., 18 , 1929, 121, 133, 469, 
47y) have published details of experiments with tomoglobin 
which appear to demonstrate the reversibility of the process 
of denaturation in a simple and at the same time striking 
manner. For example, a solution of hasmoglobin prepared by 
taking ox-red blood cells is made acid by the admtion of 
N/S HQ and then kept at 80° C. for three minutes. Com- 
plete denaturation apparently takes place as the protein is 
completdy precipitated when the solution is brought to the 
isoelectric point. If, however, the cooled solution is made 
slightly alkaline and sodium hydrosulphite added to bring the 
hsemo^^obin to thereduced form, a reddishcolour slowly develops 
in which afta: some shaking the characteristic spectrum of 
hemoglobin may be detects. The reversal proceeds more 
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efficiently in the presence of sodium cyanide, the first product 
to be formed in this case being cyanmethaemoglobin. Anson 
and Mirsky have shovm that from hsemoglobin apparently 
completely denatured a crystalline product in the form of 
carboxyhsmoglobin, and ultimately crystalline oxyhsemoglobin 
may be obtained in a yield of 70 per cent, of the original. It 
was shown in 1927 by Hill and Holden {Biochem. J., 81> 1^27, 
625) that apparently undenatured globm could be co^ibined 
with hsm, the prosthetic group of the hsemoglobin molecule, to 
yield hsemoglobin indistinguishable from fresh hsemoglobin ; 
but that denatured globin, though it did combine with hsem, 
yielded a hsemochromogen quite different from haemoglobin. 
Anson and Mirsky have been able to show that the process of 
reversad of denaturation may be applied to the denatured 
globin and that haemoglobin may be resynthesised from the 
product of reversal. In fact, they state reasons for believing 
that Hill and Holden even with their precautions were unable 
to prevent the denaturation of the relatively unstable globin in 
the process of producing it from haemoglobin, and that these 
workers really by their experimental conditions reversed this 
denatured globin to native globin which then combined with 
haem. The idea that denaturation is reversible is so unortho* 
dox that it is not surprising that although the experimental 
facts recorded by Anson and Mirsky are admitted the inter- 
pretation is questioned (Wu and Lin, Chinese J. Physiol., 
1,1927, 2i9and 431); nevertheless, the various lines of argument 
which they have advanced on the basis of a large number of 
experimental results have, taken together, very con^derable 
weight. Their conclusions are strengthened by the fact that 
they have been able to extend their methods to at least one 
other protein, having been able to reverse the denaturation 
of serum albumin (J. Gen. Physiol., 14, 1931, 725) and to 
oystallise the product obtained. This result is in harmony 
with the earlier work of Spiegel Adolph mentioned above. 
Their own conclusion seems certainly to be justified, namely, 
that “ protein coagulation in general is probably reversible." 
Further work on similar lines, especially with other proteins, 
will be awaited with interest. 

Cause of Exophthalmic Goitre. — Durii^ recent years much 
pr<^ess has been made in the elucidation of the problems 
connected with the physiology and pathology of the thyroid 
gland. The remarkable work of Harington and Barger 
{Biochem. J., 81, 1927, 169) on the separation, constitution, and 
S3mthesis of thyroxine (see Science Progress, 84, 1929, 15) is 
now well known, and this has been more recently followed up by 
further papers by Harington and his collaborators, the chief 
results of which are to show that thyroxine exists in the gland 
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in combination with protein in the form of its /-optical sterw- 
isomer {Biocktm. J., S4» 1930, 456), and that apart from thy- 
roxine itself probably the only other organic constituent of the 
th3^oid gland containing iodine is d-3 : 5-diiodotyrosine 
^Biochsm, J., 85, 1931, 1033). In spite, however, of these 
important advances the problem of the etiology of exoph- 
thmmic goitre in the human subject has remained unsettled. 
It has been clear for some time that the mere excess production 
of thyroxine by the hypertrophied thyroid is by no means 
sufficient to explain all the facts. In particular, administration 
of thyroxine does not of itself produce the characteristic 
protrusion of the eyes (exophthalmos) nor the various toxic 
symptoms associated with the condition, whilst the remarkable 
benefidal though temporary effect of the administration of 
iodides is not related in any obvious way to a simple hyper- 
activity of the thyroid gland. Very interesting light has been 
shed on this problem by recent work by Loeb and others in 
which a causal relation to the anterior lobe of the pituitary 
is suggested. It has been found by Loeb and Friedman 
{Proc. Soc. exp, Biol, and Med., 89, 1932, 648) that acid and 
alkaline extracts of the anterior lobe of the pituitary when 
injected into guinea pigs produce a picture showing many of 
the features characteristic of exophthalmic goitre in the human 
subject. There is, for instance, a rise in the basal metabolism, 
accompanied by general emaciation, curious characteristic 
changes in the histology of the thyroid gland associated with 
hypertrophy of the latter. F urthermore these effects of anterior 
lobe extracts are said to be inhibited by the administration of 
iodine, corr^ponding to the beneficial effect of these salts in 
exophthalmic goitre. Obviously, accurate objective evidence 
of the development of the bulging of the eyes characteristic of 
exophthalmic goitre is somewhat difficult to obtain, but Loeb 
now clmms that by careful experimentation he is able to prove 
that this symptom also accompanies the administration of his 
anterior lobe extracts. This observation would seem to add 
very considerable weight to his views as to the aetiology of exoph- 
thalmic goitre and its relation to the pituitary. It may also be 
added that Schockaert {Amer. J. Anatomy, 49, 1932, 379), 
working with ducks, has obtained results which in general abo 
demonstrate the effect of the anterior lobe of the pituitary on 
the thyroid gland. According to this author the marked chan^ 
which occur in the thyroid after administration of the antenor 
lobe extracts seem to be associated with the mobilisation and 
secretion of its active constituents, and is accompanied by a 
very marked fall in the iodine content of the thyroid. It ia 
now wdl known that the anterior lobe of the pituitary contains 
a growth-promoting hormone and one or more hmrmones which 
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act on the ovary and are intimately related to sexual function. 
Loeb {Pfoc. Soc. Exp. Biol, and Med., 29 , 1933, 643) has exam- 
ined the action on the thyroid of extracts made from the anterior 
lobe of the pituitary of ox, rabbit, etc., and he finds that the 
action on the ovary runs roughly parallel vdth the action on 
the thyroid. However, extracts made from the urine of preg- 
nant women show very marked ovarian action, but are without 
effect on the thyroid. We cannot at present conclude that the 
material acting on the thyroid is identical with any of the sex 
hormones. In addition to the practical importance of this 
work it is of considerable interest as emphasising once more 
the intimate relations which exist in the body between the 
various organs of internal secretion. 

nmaCMLL OKSMUniT. By O. H. Wamsbrougb-Jonbs, M.A., 

Ph.D., Laboratory of Colloid ^ience« Cambridge. 

While it is no new thing for the physical chemist to interest 
himself in protein structure, and its relation to the chemical 
and biological behaviour of the proteins, the results so obtained 
have not often in the past been either satisfactory or susceptible 
to direct interpretation in terms of the structure and fimction 
of living material. A three-sided attack in the past year or so 
is now becoming so formidable that it seems apposite to give 
some account of the methods used and of the results obtained. 
The three lines of attack are briefly these : X-ray analysis by 
means of which the structure of the protein chain and the 
spatial relation of these chains to each other may be examined ; 
methods which attempt rather to assign position to the side 
chains and in particular to their power of hydration, ionisation, 
etc. ; and methods in which a single layer of protein molecules 
is examined, either by means of force-area curves, surface 
TOtentials, or the chemical and biochemical reaction of such 
mms. Naturally enough, all these methods must be considered 
together. 

The methods of X-ray analysis have been most exactly 
applied to biologically inactive material such as hair, silk, 
etc., and in most cases these are definitely but imperfectly 
cr^talline, built up of long and narrow crystalline particles 
with axes parallel and with a definite orientation to the axis 
of the fibre. In the case of silk fibroin, it was fairly clear that 
the diffraction [>attem obtained was due to bundles of long 
polypeptide chains, but other substances of like character, 
such as hair, muscle, collagen and so on, were less satisfactory. 
Fortunately, Astbury (Astbury and Street, Phil. Trans. Rolf. 
Soc., A., 75 t 330, 1931) discovered that the pattern due to hs^ 
keratin underwent a profound change when the fibre was 
sferatched, changing from a pattern quite unlike that of silk 
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when in the ncnrmal condition, to a pattern analogous to that of 
silk, and therefore of long bunches of polypeptide chains, 
when extended. It is thus suggested that the polypeptide 
diains which exist normally in some folded state in the keratin 
molecule may be pulled out into an extended state resembling 
that of the fibroin molecule (Astbury, Trans. Far. Soc., 28, 1933). 
A most convincing demonstration of this idea has veiy recently 
been given by Astbury and Marwick {Nature, 180 , 309, 193*). 
They photographed the X-ray diffraction pattern of feather 
keratin, obtaining for a normal quill of feathers a pattern 
seemii^ly ciuite unlike that of hair or wool, but which proved 
to be an elaboration of a form of these, and to arise from a chain 
of at least eight amino-acad residues in a contracted state. 
The application of a strong stretching force pulls the molecules 
more nearly into the more familiar silk form, or the stretched 
hair (p-keratin) form ; the respective periods corresponding to 
the lengths of single amino-acid residues being 3*5 A. for silk ; 
3*4 A. for p-keratin, and 3*3 A. for the stretched feather keratin. 
It seems safe to take it that these figures represent the con- 
figuration of the backbone of protein molecules, but their 
behaviour is obviously more influenced by the side chains 
branching out from the polypeptide backbone, and here the 
fibroin structure is a very unsafe guide because the side chains 
in this molecule, consisting merely of hydrogen and methyl 
groups, are as inactive as possible. Rather should we consider 
the more interesting, if more complicated, cases in which the 
side chains contain reactive groups. The evidence from X-ray 
photographs suggests that in many various proteins there is a 
r^ular distance of the order of 4J to 5 A. between parallel 
long chains, and attempts are made to interpret this mstance 
in terms of the known distance of closest approach of the 
atoms linking the two chains together. Astbury gives 4*65 
A. as the distance between the axes of two protein molecules 
which are linked by alternate ; CO and : NH groups in the 
respective backbones. It is then eminently reasonable to sug- 
gest that in one side dimension the chains are so linked together. 
The other side dimension must be that containing the side 
chains, and thus no such uniformity is to be expected. The 
facts are that a value between 9 and 10 A. is commonly found, 
but this distance may be an average value due to the flexibility 
of the side chains, or it may be a value to be ascribed to a 
definite^ linkage between adjacent chains. It is too early to 
to identify this value with the conventional inter-atomic 
distances except for a very few cases ; but Astbury makes one 
important point : that “ any distortion of the main chain, due 
to interaction of the side chains, must lead to contraction " ; 
a necessary premise, moreover, to account for the small <Mer* 
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ences in the spacing of the links in the fibroin, ^-keratin, and 
feather backbones. Before passing on to a discussion of the 
recent work on the activity of the side chains, two other points 
must be mentioned ; the first that in any protein aggregate, 
only a few of the protein molecules are arranged in a regular 
way, and furtho*, that we must be reluctant to assign any great 
rigidity to the protein molecule either as a whole or to its side 
chains, and that in spite of the constancy of some of its dimen- 
sions, a firee rotation of the constituent groups must be per- 
missible. 

One of the common properties of these fibroid and other 
proteins is their power of taking up water and swelling, with a 
corresponding change in physical and, as we shall see, chemical 
properties. The change in the X-ray diagram of stretched hair 
13 , for example, only fully reversible when the hair is wet. We 
have seen also that the structure of these bodies is probably a 
large number of aggregates, “ micelles,” in which the molecules 
are arranged at a regular spacing described above. It is of 
interest to decide whether the water that is taken up goes into 
the intra-micellar spaces or into or between the molecules 
themselves, and a direct answer to this question is given by an 
examination of the X-ray diagram for the proteins in the two 
conditions. Katz {Trans. Far. Soc., 28, 1932) finds that in the 
cases of gelatin and collagen the diagram undergoes a great 
change in the swelling process ; and further, the new inter- 
atomic distances are increased to a size large enough to account 
for the whole change in the dimensions of the swelling body. 
The process is very analogous to the formation of a sohd 
solution of the water in the solid, but the water is presumably 
fairly firmly attached to the protein molecules, though it does 
not necessarily form a definite chemical compound with them. 
Another aspect of the rdle of water in combination with the 
protein is considered by Jordan Lloyd {Biolo^cal Reviews, 7 , 
a8, 254, 1932) and Jordan Lloyd and Phillips {Trans. Far. Soc., 
1932). The amount of water taken up by a protein will depend 
on tne number and character of the side groups and on the 
possibility of water being joined by a co-ordinate link to part 
of the peptide chain. This latter can occur readily on to the 
imino or ketone groups when these are in the uncharged con- 
dition, or also when ionised, and the amount of water taken 
up by a unit of the axis of polypeptide chains may be the same 
for all lU'oteins, depending; on the accessibility of these chains to 
the water. In general, it is slight, and the hydration of the 
jHTOtein as a whole depends most on the side moups. The 
influence of the presence of salts on hydration is also discussed, 
and further the structure of the protdn molecule will also be 
in^ix^tant, the hydration beii^ dependent on the length and 
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bulk of the side chains and on the closeness of packing of the 
molecules. Thus silk fibroin, and hair, which have very short, 
normally aliphatic side groups and which, therefore, approach 
dose to each other and form a compact structure, are psentially 
diy, and the reverse is true of collagen where the side groups 
are larger and more complex. Should the arrangement of the 
molecules be highly organised there is less room for water 
molecules than when they are distributed at random ; and 
furthtf , at the iso-electric point when each molecule contains a 
large number of anions and cations as zwitterions the adjacent 
protein molecules will be drawn nearer together, causing a 
finrther drop in the amount of co-ordinated water. The varying 
amounts of water which arc taken up by the different side 
chains is discussed in detail in these papers, and the changes in 
hydration with the p\i are also followed. The amount of water 
present with a protein is biologically very important, since there 
is a marked parallelism between the biological activity of a 
protein in a cell, and the amount of water it contains. Thus 
wool and hair, which, as we have seen, are highly organised 
proteins of a very definite structure which precludes any large 
amount of water being present, are biologically inert, but on the 
other hand, the amount of water present in developing embryw 
is very large and roughly follows the curve showing their 
activity. Or correspondingly with a sample of gelatin in the 
form of a jelly, it has been found that water passes in and out 
of the jelly, i.e. swelling occurs, with the greatest ease when the 
gelatin concentration at the time of setting was low. Weak 
jellies when immersed in water will give up water, that is to say, 
the molecules of the protein will become more organised, leaving 
less space for water molecules between them. 

So far, attention has only been paid to the prop>erties of the 
protein molecule as a whole ; but in many wajrs the surface 
properties are at least as revealing. The general relation be- 
tween the electro-cataphoretic mobility of small particles to the 

E otential and siirface ionisation and adsorption of ions Im 
mg been known, but some points of detail have recently been 
cleared up and should be considered. The most usual method 
of determining the IJ-potential of a protein has been to determine 
the velocity of migration of protein-covered quartz particles 
in solutions of known pH under an electrical field, and then to use 
the Smoluchowski equation to determine the electro-kinetic 
potential. Debye and Hllckel {Phys. Z., 26, 49, 1924), however, 
gave a different e<^uation in which it seemed that the constant 
relating the mobility to the viscosity, fidd strength, dielectric 
ixmstant, and dectro-kinetic potential was dependent upon 
the shape of the particle, obviously a matter of extreme incon*’ 
venience when d^ing with microscopic quartz particles. This 
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view was, however, at variance with most of the experimental 
facts, and the theory of Hei^ {Proc. Roy. Soc., A., 18 S, 106, 
*93* ) o different theoretical treatment, and showed experi- 
mentally (Henry and Sumner, Proc. Roy. Soc. A., 1S8, 130, 
1931) that the effect on a large glass cylinder coated with protein 
of an electric field was the same whether the field was applied 
axially or broadside on. Abramson (J. Phys. Chem., S6* 289, 
1931) has confirmed and extended this by showing that the ratio 
of the electrophoretic mobility of particles of various shapes 
and sizes coated with protein to the electro-osmotic veloaty 
over a flat surface coated with the same protein was constantly 
— 1. The apparent changes due to variation in the effective 
radii of curvature are also discussed. Further experiments 
(Abramson, J. Gen. Phys., 11, i, 1931) with highly purified 
protein confined this result. 

The method of measurement of the mobilities of quartz 
particles covered with protein might not give the same mobility 
for these particles as for the dissolved protein which is of primary 
interest. This question has been examined by Abramson 
(J. Gen. Phys., 16 , 375, 1932), and for egg albumen at least the 
mobilities and iso-electric points are apparently identical. 
This raises an interesting point as to the mechanism of the 
adsorption of the protein, since clearly practically all the 
polar groups of the protein molecule are available even after 
the adsorption has occurred. Abramson puts the limit of this 
loss of polar groups as a maximum loss of one available H'*' ion. 
Thus the mechanism of adsorption in no way changes the 
properties of the reactive groups, and the mass law in the 
bulk phase and at the interface are identical, and observations 
nude on adsorbed protein in this way may be expected to be 
directly applicable to the biologically more interesting dissolved 
protein. 

None the less, it must be remembered that some caution is 
necessary before any very definite structure can be assigned 
to the electrical layer. It is fairly certain that outside a rigid 
layer there is a more or less diffuse layer extending for some 
distance into the liquid, containing charged partiaes whose 
position may even be affected by mechanical means, and while 
this layor onl3r contributes a small fraction of the total electro- 
kinetic potential, our knowledge of its magnitude, stability and 
even sign, is as yet very imperfect. 

In this connection two more sets of observations similar 
to Abramson's may be quoted. Prideaux and Howitt {Proc. 
Ro^, Soe., A., 180 , 126, 1930) have carried out an extensive 
seius of c^bservations on the mobilities of proteins adsorbed on 
gold sds and have found, like Abramson, little or no variation 
& theisodeetric point with the nature of the adsorbing material. 
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On the other hand, Dr. Bowden and Mr. Dummett (uni>ublished) 
have found that while the iso-electric point of gdatine seems 
independent of the underlying material, this is by no means 
true of all proteins, ozyhaemoglobin, for example, having an 
iso-electric point and so a cataphoretic mobility which seems to 
vary v^ markedly with the nature of the adsorbing material. 
For this effect they believe two causes are responsible, the 
first bein^ that the surface is not completely saturated with 
the protein so the mobility observed is the sum of that due 
to the protein and the underlying material, while the second 
is ttot there is a real change in the iso-electric point due to 
adsorption, when the protein is attached to the carrier by some 
of the ionising groups. The two effects are distin^shable 
by increasing the concentration of the protein solution until 
it has no longer any effect on the mobility, at which point it is 
fair to assume that the surface of the carrier is completely 
covered. The curve relating the concentration of the protein 
to the mobility is an adsorption isotherm of the t)^ showing a 
saturation maximum. 

For the examination of unimolecular films of protein, two 
methods are available, either the study of the force-area curve 
in the Langmuir trough, a method made familiar largely by the 
work of Adam, and the method elaborated by Schulman and 
Rid^ {Proc. Roy. Soc., A., 180, 259, 1931) in which the changes 
in thesummed air-film-underl3ringlic|uid potentials are measured, 
and hence any change in configuration causing alteration in the 
vertical component of the electric moment of the molecule in 
the surface can be observed. A comparison between the cata- 
phoretic experiments and such experiments as these has been 
made by Hughes and Schulman for the case of fatty adds 
spread over solutions of var3dng pH. It is clear from their 
experiments that the two methods are giving essentially similar 
results. Thus G. Koehler (Z. Pkys. Chem., A., 184, 157, 1931) 
has found that most fatty acids display no electrosmotic 
mobility over the pH range from 2-4 ; and Schulman and 
Hug'hes find that while the absolute value of the surface poten- 
tial in this range varies, the electric moments of the momcules 
as calculated from the Helmholtz equation remains unalteired. 
But transferring the film to strong adds, or alkalis where soap 
formation may occur, gives a very large change in the value 
of the electric moment, in accordance with the changed con- 
figuration of the molecules at the surface. 

While for these purposes the surface potential method was 
in the main suppljnng corroborative evidence, when applied 
to protdn monolayers it has given new and valuable residts. 
The two methods of the force-area curves and the surface 
potentials should, however, be taken together. That proteins 
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could be spread over a surface had loi^ been known (cf. 
Hercik, Kolloid Znt., M« a, 1931 ; Metcalf, Z. Phys. Chem., M* 
1, 1905), and these and other workers computed the thiclmess 
of repr^entative protein films (albumen, casein, etc.) spread 
by various methods as of the order of 40 A. Other workers 
have also obtained erratic results and films whose thicknesses 
seemed to vary more than was reasonable, and Zocher and 
Stiebel (Z. Phys. Chem., 147, 401, 1930) found when such films 
were examined ultra-microscopically that they were far from 
homogeneous. 

In order to obtain homogeneous films, Hughes and Rideal 
{Proc. Roy. Soc., A., 187, 62, 1932) adopted the method of 
spreading the films directly from minute particles of the protein 
held on a fine quartz fibre which acted as a microbalance of 
high sensitivity. Thus the protein particle was weighed 
directly before and after the film had spread from it. This 
method gave eminently satisfactory films, whose character- 
istics are reproducible, which seem to satisfy every test for 
homogeneity which can be devised, and which are quite unlike 
norm^ fatty add films. As they begin to spread, they are 
definitely fluid, but as more protein comes on to the surface 
the films become solid but are remarkably elastic, and in fact 
appear to be gelatinous, and to supply the two-dimensional 
analogy to the three-dimensional gel such as may, for example, 
be made from gelatin and water. There is no sharp boundary 
between the initial liquid and the gelatinous film for the various 
proteins examined (gliadin, egg albumen, and glutenin). The 
spreading pressure at which the film becomes gelatinous is about 
15 dynes per cm. for gliadin spread on dilute hydrochloric 
add, and rather lower on alkaline substrates. The force-area 
curve is reversible while the film is in the liquid state, but this 
is not the case when the film has become a gel. The change in 
surface potential follows a similar course but shows a large 
increase as gelation occurs. 

The interpretation of these results must dearly be made 
through the knowledge of the structure of the proteins which has 
been obtained by the X-ray measurements. The film thickness 
as determined by Hug:he8 and Rideal is about 3 A for the fully 
extended state (in which state the surface potential is small), 
and this probably corresponds to the position in which all the 
protein molecule, together with its side-chains, is lying flat in 
the surface, a picture to which the magnitude of the surface 
potential lends support. The next change in the film state is 
that due to compressing the molecules until the side-chains 
have dosed in laterally as far as possible, and this also is 
•ui^orted by both sets of measurements. Further compression, 
iNnioh causes the transition to the gel state, must involve a 
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radical rearrangement, most probably the emulsion of the side- 
chains from the liquid surface, whi^ would of course involve 
an increase in the film thickness to a length corresponding to 
that of the side-chains. Such a thickness of about 1 1 to la A, 
is actuaUy found. The mutual attraction of the adjacent 
{Mlypeptide chains might well be expected to give a mudi more 
rigid structure to the film, and this also is observed in the tran- 
sition to the gel state. Finally, the polypeptide chains should 
approach to the distance of 4 to 5 A and this figure is in agree- 
ment with the observations. Thus it may be claimed that the 
X-ray data and the results obtained from the direct examination 
of protein monolayers are mutually consistent. 

CUOIMKIT. By Prof. G. W. Tyrrell, A.R.C.Sc., D.Sc., University, Glasgow. 

Peiropraphy. Igneous Rocks . — The lavas of Tweeddale, near 
Pcebfes, which were formerly regarded as of Upper Caradodan 
age have now been demonstrated to be Lower Caradodan by 
R. J. A. Eckford and M. Ritchie (Summ. Prog. Geol. Surv. for 
*930; pt. 3, 1931, pp. 46-57)- Petrographical notes by D. 
Balsillie show that the lavas are keratophyres, and possibly 
represent a late soda-rich fraction of the Arenig spilitic magma 
of the same province. 

D. Balsillie ’s paper on " The Ballantrae Igneous Complex, 
South Ayrshire ” {Geol. Mag., LXX, 1932, pp. 107-31), des- 
cribes in modern terms a series of igneous rocks which have 
lately been neglected although of surpassing interest. Balsillie 
describes the spilite and " diabase-porphyrite " lavas of Arenig 
age, the serpentines and assodated ultrabasic rocks, gabbros, 
albitites, foliated gabbros and granulites, granites, and dike- 
rocks. The chief petrographic points which are eluddated 
refer to the thoroughly sodic composition of the pole towards 
which the Ballantrae series differentiated, and the widespread 
alWtisation which the rocks have suffered. The paper is 
illustrated by a number of new chemical analyses by B. E. 
Dixon of the Geological Survey. 

The Saline No. 1 teschenite sill, 62 ft. thick, occurs in a 
boring through the Limestone Coals at Saline (Fife) at a depth 
of 2,166 ft. Near the centre of the sill occurs 20 ft. of soft 
rotten rock which proved to be olivine-rich teschenite (mcro- 
teschenite). According to Sir J. S. Flett {Summ. Prog. Geol. 
Surv. for 1930, pt. 2, 1931, pp. .^-51), the concentration of 
olivine may have taken place in an intermediate mu gm* 
chamber, or more probably, by a kind of elutriation process 
causing the gradual concentration of olivine crystals as the 
maraatic current ascended. 

^e Blackness teschenite sill near Bo'ness was penetrated 
by a boring and found to be 164 ft. thick. Its varmtions are 
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fully described by Sir J. S. Flett (Summ. Prog. Geol. Surv. jor 
*930# pt- 3 > *93 PP* 39-45)‘ The sequence was " white trap " 
(upper contact) 2 it., tes^enite 8 ft., picrite 4 ft., teschenite 
49 ft., picrite 78 ft., picroteschenite 19 ft., “ white trap ” 
(lower contact) 3 ft. The author draws the conclusion that 
the magma was heterogeneous on emplacement, having been 
differentiated either before or during its ascent. There appe^s 
to have been no significant amount of subsidence of ohvine 
crystals, and when the intrusion ceased the mass was in such a 
viscous condition that even large masses of picrite remained 
suspended, and failed to sink through the underlying teschenite. 

The Geological Survey Memoir on “ The Geology of Ard- 
namurchan. North-west Mull, and Coll.” (Mem. Geol. Surv., 
Scotland, 1930, 393 pp.), contains a rich store of valuable petro- 
graphical data as well as new conceptions of the geology and 
morphology of igneus intrusions (see Science Progress, July 
*93*1 p* 54)- The major intrusions of the Ardnamurchan 
volcamc centres are mostly gabbro and quartz-gabbro with 
subordinate masses of granophyre. Eucrite, however, is met 
with, and there is also an important development of tonalite 
and quartz-monzonite which is practically unrepresented in the 
other Kainozoic centres of the west of Scotland. The authors 
(J. E. Richey and H. H. Thomas) assume that the " Plateau 
Basalt Magma ” is the parent stock, and that the ” Normal 
Mull Magma ” is derivable from this by the initial abstraction 
of iron ores, olivine, and basic plagioclase, followed by partial 
abstraction of later cr3'stalline phases such as augite and less 
basic plagioclase. 

Dr. W. Q. Kennedy, however, is of the opinion that the 
” Non-porphyritic Central Basalt Magma ” of Mull more nearly 
represents the parental magma than the " Hebridean Plateau 
B^alt ” type (Summ. Prog. Geol. Surv. for 1930, pt. 2, 1931, 
pp. 61-73). He shows that the Mull magma agrees extremely 
well with the average plateau basalt of the world, whilst the 
Hebridean Basalt magma differs markedly from both in several 
chemical and mineral characters. His view of the general 
course of differentiation in the basaltic magma of the Hebridean 
province is : 


NoD-poipbyTitic Central Magma 
(add var.) 
Itminmoiite 
Granophyre 


Non-porphyritic Central Magma 


Plateau Magma 
(olivine-ricb) 
Mugearite 

S3mnite (or Trachyte) 


jDr. F. Walker, writing on " Differentiation in the Slls of 
Northern Trotternish (Sl^e) ” (Trans. Roy. Soc., Edin., LVII, 
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pt. I, 1933, pp. 341-57), finds that oKvine-dolerite is the most 
abundant rock type in these imeous bodies, but that there is a 
great development of picrite in the thicker masses, and that 
teschenite and dolerite-pegmatite are also present. Differenti- 
ation by the gravitational settling of olivine has taken place, 
forming thin layers of olivine-rich rock near the bases of the 
sills ; but in the picrite sills crystallisation must have been far 
advanced before the injection of the magma. Dr. Walker 
thinks that the evidence of these rocks tells against Dr. Ken- 
nedy's views as to the magmatic parentage of the British 
Kainozoic province (see above). 

Dr. Walker has also shown that “ The Doleritc Isles of the 
North Minch " {Trans. Roy. Soc., Edin., LVI, pt. 3, 1931, pp. 
753-66) consist of olivine-dolerites, crinanites, teschenit^, and 
picrite-dolerites, which represent the northerly continuations of 
the great group of basic sills of Skye (see preceding par.). 
They formed a deep-seated phase of the igneous activity during 
whi^ cooling was slow ; and this resulted in crystallisation- 
differentiation both by gravitational settling of early olivine, 
and by injection of residual magma into rifts in the aystal mesh. 

Dr. W. J. McCallien finds that the Kainozoic igneous rocks 
of Kintyre (Geol. Mag., LXIX, 1932, pp. 49-61) belong to the 
olivine-dolerite — crinanite group, together with a teschenite, 
monchiquite, and camptonite, and members of the group of 
tholeiites and leidleites. He also discusses the distribution of 
the Kainozoic dikes in Arran, Kintyre, Islay, and Jura, and on 
what appears to be good evidence separates the Islay dikes from 
the Arran Swarm, assigning them to an assemblage which has 
its focus to the north-west of Islay in the region where the 
dolerite island of Dubh Artach is situated. This swarm, like 
the Airan Swarm, dies out to the south-east. Dr. McCallien 
also thinks that the crowded dikes of the south coast of Arran 
may belong to a focus situated between that island and Ailsa 
Craig. 

The Loch Doon plutonic mass of Galloway, which has been 
described by C. I. Gardiner and S. H. Reynolds (Quart. Joum. 
Geol. Soc., tXXXVIII, 1932, pp. 1-34), occupies an area of 
47 s<j. miles. It consists mainly of tondite, but ranges from a 
grarate core to norite on the marpns. These rocks are regarded 
as the results of three successive intrusions in order of decreasing 
basicity. The field evidence suggests that the mass has the 
form of a laccolith. It has a wide contact aureole consisting 
mainly of biotite-cordierite-hornfels, and some interestiM rock 
types have been produced by the contact metamorphism of 
Arenig cherts. There are numerous minor intrusions surround- 
ing the plutonic mass, some of which have been metamor- 
phosed, and are therefore of pre-plutonic age. 
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The I^wer Carboniferous igneous rocks of Northumberland 
are described by S. Tomkeieff, ^th two new analyses, in the 
Gecdogists* Association excursion memoir entitle, “ Contri* 
butions to the Geology of Northumberland and Dmliam ” 
{Proc. G$ol. Assoc., XLII, pt. 3, 1931, pp. 217-96). A sum- 
mary of the petrography of the Late-C^boniferous and Ter- 
tiary intrusions of the district is given by A. Holmes and G. S. 
Mockler. 

In a study of the dikes of the Ards Peninsula, Co. Down, 
Miss D. L. Reynolds (Geol. Mag., LXVIII, 1931, pp. 97— iii ; 
144-65) divides these intrusions into two groups — an older 
group consisting mainly of pyroxene-minettes, which were 
injected during a pause in the Caledonian folding, and were 
subsequently crushed by a renewal of pressure ; and a younger 
group of lamprophyres and porphyries, which were intruded 
at the close of the folding. Some of the latter were horn- 
blende-hewing, others carried both hornblende and biotite. 
The majority of the dikes have a south-west to north-east trend, 
and are believed to be genetically connected with the Newry 
granite complex. 

The fifth part of Prof. W. C. Brogger’s great work on the 
igneous rocks of the Oslo region has been published under the 
title, " Der grosse Hurumvulkan ” {Norsks Vidensk.-Akad., 
Oslo, I. Math.-Nat. Kl. (1930), No. 6, 1931, 146 pp.). It deals 
with the essexitic lavas and plutonic rocks of the islands and 
nearby coasts in the central parts of the Oslo Fjord. These 
rocks are regarded as the products of a great shield volcano^ — 
the Hurum Volcano — of which the only remaining parts are the 
peripheral lava flows, and portions of the plutonic core. The 
lavas are wsexitic basalts (? trachybasalts) and madeirites ; 
the plutonic types are essexite-gabbro, essexite, yamasUte, 
pyroxenite, and cumberlandite, whilst there are numerous 
hypabyssal intrusions of the well-known Oslo types. The 
memoir contains twenty-five new chemical analyses. 

Am excellent summary and discussion of Brogger’s memoir 
in its bearing on magmatic differentiation has been published 
by (the late) Prof. J. H. L. Vogt {Norsk Geol. Tidsskr., 18, 1931, 
pp. 54 *- 62 ). 

The Breven (Sweden) dolerite dike, of which T. Krokstrdm 
has made an exhaustive petrogenetic study {Bull. Geol. Inst. 
Vpsala, XXIII, i 932 > PP* 243 “ 33 o)> is a massive igneous body 
about 30 kms. long and from 0*3 to 1*2 kms. wide. It is a 
composite mass consisting of olivine-dolerite, olivine-free 
dolerite, g^anophyre, and olivine-dolerite, in chronological 
order. It is befieved that the presently visible part of the dike 
I’epresents a section at intermediate depth through a fissure 
which served as a channel for a series of intrusions corresponding 
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to the above rock-types. The granophyre exerted a stroog 
pneiimatol3rtic effect upon the dolerite, chan|^n|; it into an 
amfdiibole-and biotite-bearii^, somewhat alkalic, intennediate 
rode which is called epidolerite. 

In his illuminating summary and discussion of recent work 
on the Pre-Cambrian of Finland, Prof. F. von Wolff {GeoL 
Rundsch., XXIII, 1932, pp. 89-121) deals with the differentiation 
of the Rapakiwi granites and Hogland porphyries with the aid 
of his own method of projection of chemical analyses. A 
granodiorite of composition corresponding to the mean of the 
Hdgland porphyries is regarded as the primary magma, from 
which pyterhte (melanocratic Rapakiwi) and basalt split off. 
A baiter mfferentiation of the same focus gave rise to trachyte 
which, with pyterlite, formed a hybrid which is the Wiborg 
type of Rapakiwi. A normal gabbro-diorite-granodiorite- 
granite differentiation series characterises the magmas of the 
Svionian to Bothnian periods. The origin of the orbicular 
granites, in which Finland is so rich, is also discussed. 

A dolerite intrusion in the Dutch Carboniferous, which was 
reached by boring at a depth of 970 metres, is described by S. 
Tomkeieff and P. Tesch (GeoL Mag., LXVIII, 1931, pp. 231-6) 
as being very similar to certain types of the Whin Sill, and in 
particular to tholeiitic varieties of the quartz-dolerite magma. 
The Holland dolerite may therefore belong to the late Hercynian 
cycle of igneous activity which gave rise to quartz-dolerites and 
related rocks in several localities. 

With the aid of sixteen new analyses Dr. C. Friedlander has 
described the principal types of igneous rocks in the Vosges, 
especially those of the Kamm Granite and the Hochfeld massif. 
Accessory phenacite has been established in the Andlau granite. 
Prof. P. Niggli deals with the chemical relations of these Her- 
cynian igneous rocks on the basis of his well-known system of 
projection Min. Petr. Mitt., XI, 1931, pp. 365-411). 

Following upon the discovery of riebeckite in a lamprophyre 
belonging to the typi rally “ Pacific ” Lausitz Granite associ- 
ation, Dr. E. Trdger (Sitz. u. Abh. Naturwiss. Ges. Isis, Dresden, 
Jahrg. (i 930 > ^93^, pp. 159-67. Also, Fortschr. Min. Krist. 
Petr., 16 , 1931, pp. 395-6) discusses the apparent intermingling 
of Pacific " and “ Atlantic " types among lamprophyres. 
He shows that under certain magmatic conditions camptonitic 
rocks may develop from a “ Pacific ” magma, but these are not 
BO characteristic as the true “ Atlantic ” camptonites, and he 
would prefer to call the former “ camptonitic spessartite.” 

Prof. E. Lehmann has described an interesting detailed 
section in the^ Middle Devonian igneous rocks of the Lahn- 
Dill region which occurs in the iron mine Kdnigszug at Ober- 
Bcheld (N.J. /. Min., Abt. A. Beil.-Bd., 1931, pp. 549-i>9). 
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The section consists of keratophyre<«dialstein which is divided 
into several eones according to degree of alteration, crushing 
into lenses, etc. It is bounded by diabase on both hanging 
wall and footwall, and cut by numerous dikes of soda-rich 
keratophyre. Many new and full chemical analyses of this 
spilitic series are given, and the paper is of much importance 
for discussion of the genesis of this series. 

Numerous phonoTites and leudte-basalts of Kainoeoic age 
are described and chemically analysed in a memoir by R. Herri 
(‘* Petro^aphische und chemische Untersuchung juicer Erup- 
tivgesteine in der Umgebung von Oberwiesenthal im Erzge- 
birge," Chem. d. Erde, i, 1930, pp. 632-65). 

A. Marchet has described the Pre-Sarmatian lavas of Glei- 
chenberg (Oststeiermark) (Sitz.-ber. Akad. Wiss. Wien. Math.'‘ 
Nat, Kl. Abt. L, Bd. 140, Heft 7, 1931, pp. 461-540). They are 
found to consist mainly of trachyandesites and trachytes with 
a few rhyolites. They occur on the margin of the Pannonian 
subsidence, and appear to be tectonically connected with that 
structural feature. 

H. Knorr’s study of the differentiation and eruptive sequence 
of the Oligocene and Miocene igneous province in the Bohemian 
Mittelgebirge {Min. Petr. Mitt., 48 . 1932, pp. 318-37) is based 
on von Wolff’s new method of differentiation projections. 
Four eruptive phases are distinguished in order of age : (il the 
older basalt and phonolite phase ; (2) the essexite and tephrite 

E hasc t (3) trachyte and phonolite phase ; and (4) ultrabasic 
asalts and lamprophyres. A calculated differentiation se- 
quence starting with a basanitic magma agrees closely with 
the above age sequence. 

A thorough mineralogical, petrological, and chemical study 
of the basalt fields of Lower Hesse and of the Rhon region by 
K. Heykes {Jakrb. Preuss. Geol. Landesanst., 51 . 1930, pp. 
469-504) discloses the essential similarity of these two petro- 
graphic regions. Von Wolff’s methods have been used in the 
chemical comparisons. 

The mineralogy and petrology of the well-known theralitic 
rocks of the Katzenbuckel have been exhaustively described 
by H. Nieland {N.J. /. Min., Beil.-Bd., ^ Abt. A., 1931, pp. 
83-140). Their chemical study, especially of the rarer elements, 
been further advanced by spectrographic methods in the 
hands of F. Schroder (ibid., pp. 215-66). 

In his paper entitled “ A Classification of some Rhyolites, 
IVachytes, and Phonolites from part of Kenya Colony, with a 
note on some Associated Rocks," Dr. W. Campbell Smith 
iOmri. Joitm. Geol. Soc., LXXXVII, 1931, pp. 212-58) provides 
a valuable synopsis of the chemical and mineral characters of 
Bast African volcanic rocks of the Great Rift Valley region, 
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vnth many new chemical anal3rses. He describes sodanrhyo- 
lites of the Comende, Pantellma, and Gibel6 types, panteil- 
eritic tra(^yte, kataphorite>trachyte, phonoUtes of the Kenya, 
Losuguta, and Kapiti types, and kenyte. The basalts of the 
region belong mainly to thoroughly alkalic types in harmony 
wh the alkmic cast of the above-mentioned rocks. 

The volcanic field of Toro-Ankole (Uganda), described by 
A. Holmes and H. F. Harwood (Quart. Joum. Geol. Soc., 
LXXXVIII, 193a, pp. 3jp-442) constitutes a highly indi- 
vidualised co-magmatic region the unity of which is demon- 
strated by the modes of occurrence, rock and mineral associ- 
ations, and geochemical characters of the rocks. They consist 
mostly of tuffs with a few lavas, including such types as melilite- 
leucime, leucitite, potash-ankaratrite, melilite-basalt, leucite- 
ankaratrite, biotite-p3rroxenite, potash-nephelinite, and olivine- 
leudtite. Analyses show that the biotite-pyroxenite is hetero- 
morpUc with certain leucitites, and iraca-peridotite with 
olivine-leudtite. The remarkable petrological and geo- 
chemical inferences drawn from this bizarre suite of igneous 
rocks must be dealt with on another occasion. It must suffice 
to say here that Prof. Holmes derives the rocks by differenti- 
atiion from the primary peridotite stratum of the subcrustal 
region. 

The volcanic rocks of Mt. Elgon in British East AMca, 
described by O. H. Odman (Geol. F 6 r. Fork. S^ockhotm^ tS, 
1930, pp. 455-536), consist of lavas styled nephelinite, melilite- 
nepheUnite, melilite-nepheline-basalt, phonoUtic nephelinite, 
and phonolite, with dike rocks comprising melilite- and nephe- 
line-bearing lamprophyres such as bergalite. This assemblage, 
as noted by Prof. Holmes, has marked resemblances to that of 
the Toro-Ankole region of Uganda. 

The BrandbeiTg is one of three important plutonic centres 
in South-west Africa, which are, in all probability, of later date 
than the Karroo lavas. Its structure and tectonic relations 
have been described by Prof. H. Cloos, and its petrography by 
K. Chudoba (N.J. /. Min., Beil.-Bd., 66., Abt. B., 1931, pp. 
i-8a ; 83-130). The Brandberg consists mainly of a stock of 
alkali-nanite, together with dikes of aplite (a new variety 
called brandbeigite), diabase, and melaphyre, and remnants of 
lava flows styled melaphyre, hornblende-porphyrite, and 
quartz-porphyry. The whole province shows marked alpine 
affinities. 

The large quarto memoir by L. Barrab^ entitled ; “ Con- 
tribution a l’6tude stratigraphique et p^trographique de la 
partie mMane du pays Sakalave (Madagascar) (Mint. Soc. 
Giol. France (N.S.), tom. V., Fasc. 3-4, M^m. No. la, 1939, 
pp. 1-370) contains some fifty pages deaUng with varied suitM 
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of iffneoas rocks belonging to the Permo-Triassic, Jurassic, 
Mdole and Upper Cretaceous. No detailed petrographical 
or chemical study has, however, been attempted. 

A paper by A. Rittmann on rocks from Kellang and Manipa 
(Ceram) describes a series of late-Mesozoic eruptive rocks 
consisting of peridotite and serpentine, gabbros, quartz-diorite, 
aplites and pM;matites, which have been injected into a roof 
01 schists and Mesozoic sediments, and have formed a series of 
resorption- and injection-gneisses. A hypersthene-basalt, i>rob- 
ably of late-Tertiary age, is also described. The analysis of 
this rock, showing 53 per cent, of silica, suggests that hypers- 
thene-andesite would be a more appropriate name (Geol. Petr, 
and Pat., R0sulis of Explorations in Ceram, First ^., Petr., 
No. 2, 1931, 71 pp.). 

T. Ichimura describes a series of alkaline rocks intruded 
into the Miocene of the frontier region near Kainei, Korea 
{Mem. Fac. Sci. 6* Agric. Taihoku Imp. Univ., Ill, No. 3 ; 
Geology, No. 1, 1931, pp. 215-47). They occur as laccoliths, 
sills, and dikes, and consist mainly of trachydolerite, from 
which differentiation-products such as olivine-trachybasalt, 
basanite, and alkali-gabbro have been derived. An alkali- 
syenite occurs as dikes and patches in trachydolerite. Primary 
analdte and natrolite are found in these rocks, which closely 
resemble the teschenite, crinanite, and analcite-syenite of the 
West of Scotland. 

The report of the Alkaline Rocks of Australia and New 
Zealand Committee (Rept. Aust. Assoc. Adv. Sci., XVIII, 
1926, pp. 36^45), which has only recently come to hand, con- 
tains some interesting petrological material, including twelve 
analyses of alkali feldspars in Victorian basalt vent debris, and 
three new rock analyses. The most striking new point, which 
is of great interest in view of Prof. Holmes’s work mentioned 
above, is the occurrence of richly-potassic leucite-bearing rocks 
in some agglomerate plugs of Western Australia. These rocks, 
like the Central African, are remarkable for very high percent- 
ages of titanium and barium. 

Prof. E. W. Skeats has made a useful survey of the age, 
distribution, and petrological characters of the granites of 
Eastern Australia {Proc. Roy. Soc. Viet., XLIII, pt. 2 (N.S.), 
* 93 * > PP* 101-19). He also discusses their are^ distribution, 
the association of granites with periods of severe moimtain 
foldi^ and with the directions of fold and fault movements, the 
association of soda-rich intrusions with particular geological 
periods, and the relations of certain granite intrusions to the 
occurrence of metallic minerals. 

Rock specimens from Thule Island, the southernmost 
ttieiaber of the arc of the South Sandwich Islands, turn out to 
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be dadtes and andesites which, as shown by microscoiHcal and 
diemical characters, are of typical Andean affiliations (G. W. 
Tyrrell, Discovery Reports, III, 1931, pp. 191-7). This fact is 
confirmatory of E. Suess's view of the “ South Antillean Arc '* 
of folding as an enormous loop of Andean structures extending 
eastwards into the heart of the alien tectonic region of the South 
Atlantic Ocean, 

Probably the most outstanding petrological memoir of 1931 
is R. Balk’s “ Structural Geology of the Adirondack Anor- 
thosite — Pi Structural Study of the Problem of Magmatic 
Differentiation” {Min. Petr. Mitt. (N.F.), 41 , 1931, pp. 308- 
434). The main rock types of this colossal intrusion are gabbro, 
anorthosite, and syenite. The parental magma is believed to 
have been intermediate between gabbro and syenite. It was 
intruded slowly from the south-eastern edge of the Canadian 
Shield, advancing towards the south-west as an upwardly 
directed, expanding, and thinning wedge of magma. The 
liquid was highly viscous and contained suspended crystals of 
labradorite and a smaller number of ferromagnesian minerals. 
The principal factor in the early differentiation of the intrusion 
into anorthosite and gabbro was friction against the walls of the 
magma chamber, the suspended solid crystals being retarded 
with respect to the liquid. The small crystal clusters formed 
by this action grew into layers, lenses, and irregular bodies with 
the slow advance of the intrusive wedge. Hundreds of small 
spherical bodies of gabbro are found in the north-eastern part of 
the mass. These were formed by the ” balling ” of ferro- 
magnesian mineral clusters which, as groups, sank diagonally 
downward as the resultant of gravity and the forward move- 
ment of the magma. The labradorite crystals, however, did 
not ball up, and were drifted forward to form the main central 
mass of anorthosite. Syenite was the residual liqum' which 
had been expressed to the south-west in advance of the increas- 
ingly viscous anorthosite, which shows protoclastic structures. 
The above remarkable results have been arrived at by study of 
the distribution and mutual age relations of the constituent 
rocks, the mode of ^stal separation, the effects of conditions of 
intrusion on the differentiation of the three main rock types, 
and the structural lines of the magmatic body and its frame of 
Grenville rocks. 

Discussing the ” Adirondack Magmatic Stem,” Dr. A. F. 
Budffington {Joum. Geol., XXXIX, 1931, pp. 340-63) is of the 
opinion that the anorthosite is due to gravitative sorting of 
c^tals in a deep-seated chamber, aided by subsequent filtra- 
tion diffe^tiation during emplacement at a higher level. A 
comparative study od the Adnondack assemblage yields evi- 
dence for the conclusion that it may be ascribed to a pyroxene 
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line of de^nt in the earlier stages of differentiation, and a 
hornblendic line in the later stages. Oiffo'entiation seems to 
have proceeded in a much drier magma than that of the common 
granodiorite series (e.g. Sierra Nevada), but in somewhat 
wetter magma than the pyroxenic BeiT;en-Jotun series. 

The “ Adirondack Anorthosite and Its Problems ” have 
also been discussed by H. L. Ailing {Joum. Geol., XL, 1932, 
PP. 193-237)- 

W. J. Miller describes a mass of anorthosite in Los Angeles, 
Co. Cal. {Joum. Geol., XXXIX, 1931, pp. 331-44). He com- 
pares it with other anorthosites, notably that of the Adiron- 
dacks. He regards the intrusion as due to crystallisation 
differentiation from an original gabbro magma, and belieyes 
that the anorthosite was emplaced in a truly intrusive manner 
at a later stage of cooling. 

According to A. L. Anderson and V. R. D. Kirkham {Amer. 
Joum. Sci. (s), XXII, 193*1 PP- Si-<> 8 ) alkaline rocfe of the 
Highwood type occur as sills and dikes in south-eastern Idaho. 
Magmas of the Highwood type are especially rich in potash, and 
at the same time are Wgh in lime. Monzonite, shonkinite, 
syenite, <juartz-monzonite-porphyry, and granite-porphyry 
are the chief rock types described. 

The roclra of the Shonkin Sag laccolith, that classic example 
of differentiation in place, have been re-studied by F. F. 
Osborne and E. J. Roberts (Amer. Joum. Sci., XXII, 1931, 
PP- 33 *-S 3 )» with the aid of three new anal3rses. The authors 
come to the conclusion that differentiation in Shonkin Sag was 
accomplished chiefly by gravitational settling of olivine and 
augite in the original magma, and of augite crystals which 
formed in place. The composition of the border facies closely 
approximates to the average composition of the rest of the 
laccolith. 

To explain the basic hornblende-rich and pyroxenic in- 
clusions in the dacites of Lassen Peak and vicinity (Cal.), Dr. 
Howel Williams (Amer. Joum. Set., XXII, 1931, pp. 385-403) 
supposes that at the roof of the magma chamber a solid crust 
(or rather sponge-like aggregation) had developed, consisting 
chiefly of hornblende and basic feldspar, with parts in which 
pyroxenes had formed instead of hornblende. On eruption of 
the fluid magma below this dadtic crystal sponge was d»rupted 
and carried up as indusions. It is noteworthy that it is the 
later lavas ana volcanic domes which carry the most indusions. 
The protrusion of the Lassen domes thus probably occurred 
after a long period of crystallisation in the magma chamber 
and tne violent explosions by which they are usually 
headed are due to the high concentration of volatiles in the 
midual Squid. 
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Dr. R. E. Fuller’s memoir on " The Geomorphology and 
Volomic Sequenceof Steens Mountain in South-western Ch^on" 
(Univ. of Wash. Publ. in GeoL, 8» No. i, 1931, pp. 1-130) 
contains a large quantity of petrographic data on the Tertia^ 
basalts, andesites, and rhyolites whi<m build up the mountain, 
although its main theme is volcanism. Twenty-eight new 
chemical an^yses are published in this memoir. Doubtless the 
full petrologic^ treatment of this abundant material is reserved 
for a later pap^. 

H. S. WasWngton and M. G. Keyes describe the lavas of the 
wholly volcanic fiibilof Islands in Bering Sea as mostly basalts 
with or without olivine (Amer. Joum. Set. (5), XX, 1930, 
pp. 321-38). Nepheline-basanite occurs on St. Paul Island, 
and trachyte on St. George. This association of alkaline 
rocte with ^eatly predominating basalts is compared with the 
similar relations that hold in the Pacific islands. 

'Hie theme of T. W. F. Barth’s comprehensive paper on 
*' Mneralogical Petrography of Pacific Lavas ” (Amer. Joum, 
Set. is), XXI, 1931, pp. 377-405 ; 491-530) is the complete 
record of the mineralogical, chemical, and petrographical data 
regarding the lavas in question. Charactenstic of these Pacific 
lavas is the almost total absence of orthorhombic p3n:oxenes, 
and extreme scarcity of hornblende and biotite. Both coloured 
and colourless constituents fall into reaction series, and the 
sequence of crystallisation is parallel to the sequence of differ- 
entiation. Bowen’s theory of differentiation by crystal 
settling is regarded as adequate to explain the variations in 
Pacific lavas. 

lOO&OOT. By Prof. F. Vf. Rogers Brambeu,, B,A., Ph.D., D.Sc., 

University College of N. Wales, Bangor. 

The developmental history of the Primates was dealt with by 
J. P. Hill in the Qroonian Lecture for 1929. The text of this 
lecture, recently published (Phil. Trans. Roy. Soc., B. 80 . 
1933), deals with the early embryology and placentation of the 
Primates and the light they throw on the evolution of the group. 
This paper provides an authoritative review of our knowledge 
of the earlier stages of development and the formation of the 
placenta in the Primates. In it the earlier work is discussed 
and much new material described. The author, in addition to 
describing material in his own collection, hn|| reinvestigated 
much of that previously described by other amhorsTlncluding 
the famous Hubrecht collection. The paper is very beautifully 
illustrated mth text-figures and over twenty half-tone plates. * 

Four main stages in the evolutionary history of the order, 
based on the emb^ologi^l finding, are recognised, vis, a 
Lemuroid, a Tarsioid, a Pithecoid, and an Anthropoid stage. 
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The livii^ Lemurs, as representative of the first stage, exhibit 
primitive features together vrith others which are more advanced 
and which foreshadow the conditions found in higher Primates. 
Hhey are primitive in the mode of formation of the blastoc}rst, 
in the central type of development, in the early exposure of 
the embryonal ectoderm, in the formation of the mesoderm, in 
the development of the amnion by folds, in the outgrowth of the 
allantois as a free vesicle and in the placentation. The early 
formation of a complete chorion, its direct vascularisation 
by the allantoic vessels, and the reduction of the yolk-sac 
are more advanced features. Tarsius, representing the next 
stage, is primitive and resembles the Lemurs in the exposure 
of the embryonal ectoderm and in the development of the am- 
nion by folds. It is more advanced and is anticipatory of the 
Pithecoids in the still more precocious formation of the extra- 
embryonal mesoderm, coelom, and chorion and in the presence 
of an almost solid connecting stalk instead of a vesiexUar allan- 
tois. Direct attachment of the blastocyst to the uterine lining 
constitutes another advance on the condition in the Lemurs 
and leads to the formation of the massive discoidal placenta 
of the deciduate haemochorial type. It is concluded, however, 
from the unique character and behaviour of the trophoblast 
that the placenta is too specialised for Tarsius to have been the 
direct forerunner of the Pithecoids. 

The Platyrrhine and Catarrhine Monkeys exhibit certain 
striking resemblances, all in the nature of definite advances 
on the Tarsioid condition. The amnion arises very early as a 
closed space in the ectodermal cell-mass. The blastocyst 
becomes attached to the uterine wall first by the trophoblast 
of the embryonal pole and usually later by the anti-embryonal 
pole, when a bi-discoidal placenta is formed. The extra- 
embryonal mesoderm and coelom and the connecting stalk are 
formed even rnore precociously than in Tarsius. The tropho- 
blast 'differentiates into cellular and S3mc3rtial layers and the 
latter penetrates the maternal decidua. The presence of 
certain cUfferences in the trophoblast and in the placenta of the 
Platyirhines and Catarrhines and the similarities in the develop- 
ment of the placenta in the latter group and in the Anthro- 
poids suggest that the Platyrrhines separated early from the 
parent stem and that the Catarrhines ^ve rise to the Anthro- 
poids. 

Knowledge of Anthropoid development depends chiefly on 
that of man, but later embryonic stages and the placentation 
of the Anthropoid Apes warrant the assumption that they are 
essentially sinular. In man we find the culmination of develop- 
mental adaptation among the Primates, the outstanding feature 
of ivUch is the extraordinary precocity of the early blastocyst, 

»9 
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and the manner in which it becomes embedded in the maternal 
decidual tissue. The interstitial implantation of the ovum 
results in certain specialisations distinctive of the Anthropoids, 
but apart from these they develop along the lines laid down in 
the Catarrhines, of the genetic relationship of which there can 
be no question. 

The structure of the climbing organ of the reduviid bug, 
jytodnius prolixus, is described in a paper by Gillett and 
Wigglesworth (Proc. Roy. Soc., B., Jll, 1932). The organ 
is situated at the distal end of the tibia on the first and second 
pairs of legs in the adults of both sexes, but is absent in the 
nymphs. It is much more efficient for climbing upwards tten 
downwards. The organ is a little blood-filled sac of soft chitin 
with some 5,000 tubular hairs, which are the outlets of uni- 
cellular oil glands, on its lower surface. The free ends of these 
hairs are cut obliquely, the hind margin only of each hair 
coming in contact with the surface. About fifty sensory hairs 
are scattered among the climbing hairs. They are tapering 
and slightly longer than the others. It is shown that a modd 
consisting of a disc separated from a glass plate by a wedge of 
oil can be moved easily in the direction of the open end of the 
wedge, but offers considerable resistance to movement in the 
opposite direction. The resistance to movement in the direc- 
tion of the point of the wedge is due to seizure of the two sur- 
faces, caused by the breakdown of the oil film at the point of 
the wedge. It is suggested that the hairs of the dimbing 
organ of Rhodnius act in a similar manner to such a model. 

The arrangement and behaviour of the chromosomes during 
spermatogenesis in the Hemipteran, Alydus calcaratus, are 
described in a large monograph by Reuter {Acia Zool. Fennica, 

•» 1930)- 

The chitin lining the fore-gut of decapod Crustacea and the 
function of the tegumental glands is the subject of the first of 
a series of papers by Yonge {Proc. Roy. Soc., B., Ill, 1933) 
on the nature and permeability of chitin. It is shown that the 
lining of the fore-gut consists of a thin superfidal cuticle and a 
thick underlying chitin. The cuticle is chemically distinct 
from chitin. At eedysis the new chitin is formed by the 
chitogenous epithelium. The cuticle is formed in the tegu- 
mental glands, the structure of which is described, flowing 
through their ducts, which open on the external surface of the 
chitin, and spreading over the surface of the chitin as a thin 
film which solidifies. After the formation of the cuticle the 
tegumental glands degenerate and new ones are formed imme- 
diately. The spreading of the newly formed cutide over the 
surfisce is probably due to its low surface tension. The cuticle 
esMteads everywhere over the surface of the chitin, and the 
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t^umental glands also occur eveiwhere beneath the chitin. 
It IS thought that the cement which binds the eggs to the ap- 
pendaM of the female is a similar substance to the cuticle and 
IS produced by the tegumental glands of the pleopods. The 

K esence of a cuticle and of the tegumental glands appears to 
universal throughout the Crustacea, probably throughout 
the Arthropoda. 

The innervation of the heart of Decapod Crustacea is the 
subject of a paper by Alexandrowicz {Q.J.M.S., 76, 1932). 
Three systems of nervous elements were distinguished in the 
heart of Decapoda, viz. (a) a local system of neurons which are 
distributed in the heart itself; (b) a system connecting the 
heart with the central nervous system ; and (c) a sjrstem 
suppling the valves of the arteries arising from the heart 
and the muscles of the pericardium. The local system consists 
of a main ganglionic trunk on the dorsal wall of the heart, 
which sends branches to the muscle fibres of the heart. This 
ganglionic trunk contains five large and four small nerve-cells 
in three forms investigated, and tMs number probably does not 
vary much in marine Decapoda. The fibres connecting the 
heart with the central nervous s3rstem arise from the infra- 
oesophageal ganglion and run to the dorsal surface of the heart, 
where they come into relation with the local nervous system. 
The system of nerves innervating the valves of the main arterial 
trunla consists of, (a) four nerves on each side arising from the 
thoracic nerves whi<A join to form one or two longitudinal 
bundles giving off branches to the valves of the paired antennary 
and hepatic arteries and the median posterior aorta ; (b) a 
nerve arising from the stomatogastric nerve and supplying the 
valves of the median anterior aorta. In addition to these three 
systems of nerves suppl}ring the heart branches firom the thor- 
acic nerves enter the pericardial cavity and break up into 
neuropile-like networks on the ligaments of the heart and on the 
connective tissue covering the dorsal wall of the heart. Re- 
garding the function of these elements, it is suggested that the 
local system is an “ autonomic ” system from which the heart 
muscles receive the impulses for their regular contractions. 
The dendrites of the cells of this S3rstem were found to end in 
the muscles also, suggesting, further, that the rhythmical dis- 
charges of these nerve-cells are influenced by the rhythmical 
action of the muscles, thus securing a reciprocal regulation in 
the two parts of the cardiac neuromuscular mechamsm. It is 
thought that the second sptem of dorsal nerves performs 
iidbimtory and acceleratory functions while the nerves to the 
arterial valves cause contraction of their muscles when the 
laeart is in diastole. Finally, the nerves ending in fine networks 
the pericardial cavity are evidently sensory in function. 
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The development of that vei^ interesting feature, the 
mitraria larva of Owenia, is described and beautifully figured 
in a paper by Wilson {Phil. Tram. Roy. B., SSI* 1 93*)'. * 1 ?** 

larvae of Owonia fusi/ormis were obtained chiefly by artificial 
fertilisation and were reared successfully through metamor- 
phosis and for about a month afterwards. The trochosphere 
stsige is attained about two days after fertilisation, and the 
larva is ready to metamorphose about a month later. Prior to 
metamorphosis, the trunk and head rudiments are forming 
within the larva, the trunk being partly invaginated. The 
various larval stages are described in detail and carefully figured, 
but the chief interest centres around metamorphosis, winch is 
catacl}rsmic. At metamorphosis the trunk straightens out and 
its anterior everted segments are inverted. The stomach and 
oesophagus are simultaneously dragged into the anterior seg- 
ments. The larval tissues break away from the head and trunk, 
and the head, which is now separate, is pulled down to the trunk, 
with which it fuses. A new mouth is formed by the breaking 
across of the oesophagus behind the old larval mouth. The long 
provisional bristles of the larva fall off, the larval chaeta-sacs 
invaipnate, and the larval tissues, which have separated from the 
adult tissues, break up and are swallowed by the young worm. 
Extensive and revolutionary as these changes at metamorphosis 
undoubtedly are, they take place in about thirty seconds. The 
young worm is busy swallowing the remains of the larval tissues 
and at the same time secreting a mucus tube less than one 
minute after the fully formed mitraria larva began metamor- 
phosis. Unfortunately, this study of the mitraria does not 
appear to throw any light on the a^ties of that remarkable 
group of worms, the Oweniidae, but it is suggested that investi- 
gation of the larvae of Maldanid worms, of which no undoubted 
exaunple has been described hitherto, might help to elucidate 
this problem. 

T^e anatomy and histology of the alimentary canad of the 
Limpet, Patella imlgata, are described in detail in a paper by 
Graham (Trans. i?oy. Soc. Edin., 67, 1932). The physiolc^ 
of digestion is also investigated and it is shown that the food of 
Patella, consisting of diatoms and algae, is conveyed to the 
fore-gut by the radula and is at the same time lubricated by the 
saliva, which contains no enzymes. Cells of the lateral diverti- 
culae of the fore-gut secrete an amylase, which is mixed with the 
food in the gut by means of ciliary currents. The digestive 
glM fld secretes a protease and other cells in it absorb the food. 
The residue in the hind-gut is worked up into faurly rigid rod-like 
fecal masses. 

The faecal pellets of a number of the commoner British 
marine Mollusca have been described and figured by Moore, who 
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deals with those of the Anomiura in a recent paper {Proc. Roy. 
Soc. Edin., 68* 1933). These investigations have been carried 
out with a view to determining the orimn of the various faecal 
pellets found in marine deposits and mso as a possible source 
of light on the relationships of allied species and genera. The 
tjrpes already described exhibit a wide range of form, rod-like, 
with or without transverse, longitudinal or spiral patterns 
externally, ribbon-like, or bead-like. In the Anomura the 
pellets are rod-like with simple or no external sculpturing. 
Internally, however, the pellets are complicated by the presence 
of longitudinal canals, varying in number from four to several 
hundreds. In some the structure is further complicated by the 
crescentic shape of the canals in cross-section and by the presence 
of a ventral cap of fine material on the pellet. The physio- 
logical significance of this complicated structure is discussed, as 
is also the bearing of the structure of the pellets on the origin 
and affinities of the various members of the group. Moreover, 
a knowledge of the structure of the faecal pellets of invertebrates 
is of geological importance, since such pellets may be found 
fossilised in suitable deposits and may tl^ow some light on the 
animals which produced them. 

The ^gs of marine invertebrates are known to maintain 
a state of osmotic equilibrium with the environment. Their 
surface appears to act as a semi-permeable membrane, since 
water enters or leaves the cell following changes in the con- 
centration of osmotic substances in the environment. The 
eggs of birds and of fresh-water animals, both vertebrate and 
invertebrate, on the other hand, maintain much higher 
concentrations of osmotic substances within the cell than those 
I>revailing without. The problems thus presented by unfer- 
tilised hens’ eggs have been investigated by Straub {Rec. Trav. 
Ckim. des Pays Bas., 48 , 1939) and by Needham [Jour. Exp. 
Biol., 8, 1931), who found a difference of about two atmospheres 
between the osmotic pressure of the yolk and white. Recently 
Bateman [Jour. Exp. Biol., 9 , 1933) has confirmed the finding 
of a real osmotic difference between the white and yolk of the 
hen’s egg. Straub suggested that this difference is maintained 
by the t^iormance of osmotic work by the vitelline membrane, 
but HiU [Trans. Farad. Soc., 86, 1930) has shown that if work is 
performed at all, it depends on anaerobic processes. Needham 
and Smith [Jour. Exp. Biol., 8, 1931), discussing this problem, 
show that it is improbable that work is performed to maintain 
this steady state. Much light is thrown on the problem by an 
investiganon of the osmotic properties of the eggs of the trout 
[Salmo fario) by Gray [Jour. Exp. Biol., 9 , 1933). These epp 
resemble those of the hen in that the osmotic concentration 
( 4 >■ — 0*48'’ C.) within the cell is much greater than that of the 
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surrounding medium (tap-water, A C.) and that this 

difference is maintained in the unfertilised efggs over long 
periods, although the oxygen consumption is too small to be 
measured by ordinary methods. It is shown that neither water 
nor salts pass across the inner or vitelline membrane of the 
normal trout’s egg in measurable quantities. The imper- 
meability of this membrane therefore maintains the normal 
hypertonidty of the cell without the expenditiue of energy. 
It is suggested that it is not impossible that this state of 
impermeability also characterises the normal healthy hen’s 

The relation of iodine compounds, and thyroxine in particu- 
lar, to fertilisation is the subject of a series of papers by Carter, 
the earlier parts of which appeared some months ago and are 
now followed up by further investigations (Jour. Biol., 9 , 
1932). Lillie (1914) showed that echinoderm eggs washed in a 
current of sea-water rapidly became unfertilisable owing to the 
loss of egg secretions, and particularly of the substance which 
he called " fertilizin.” Carter (Jour. Exp. Biol., 8, 19JH) 
showed that washed eggs remain fertilisable longer if th3rroxme 
is present in the sea-water. It was suggested on the strength 
of this and other similarities in the action of thyroxine and the 
egg secretions that the former is chemically related to some 
substance (probably fertilizin) which is present in the latter. 
If this is so, thyroxine may definitely replace the fertilizin in the 
cytoplasm, probably by being transformed into it within the 
cell. On the other hand, the prolongation of the fertilisable 
life of the washed eggs by thyroxine might be due to the drug 
lowering the permeability of the egg surface and so retarding 
the loss of the egg secretions. In the fourth of this series of 
papers. Carter (Jour. Exp. Biol., 9 . 1932), dealing with the 
effect of th3n*o:rine on the capacity for fertilisation in washed 
and unripe echinoderm eggs, shows that the former is the true 
explanation. He confirms the observation that eggs becoming 
unfertilisable owing to washing are improved by treatment with 
€gg-water. This is found to be true of both Echinus esculenhtS 
Md E. miliaris and, moreover, egg-water of the opposite species 
is also effective. It is shown that the thyroxine nas a siTnilar 
action and is as effective as egg-water. It must therefore be 
replacing the secretions which have been lost already and not 
merely retarding the rate of loss. Unripe eggs are also improved 
W treatment with either egg-water or thyroxine. It is shown 
that these effects are due to the action on the eggs, not on t he 
sperms, and that they are not due to variations in the H 4 on 
concentration or (»motic pressure. 

The egg secretions are also known to produce activation of 
the sperms and to prolong their active fives. In both these 
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respects Carter has shown {Jour. Exp. Biol., 7 , 1930, and 
8 * 1931) that thyroxine princes a similar effect. Lillie 
{Jour. Exp. Zool., 16 , 1914) showed that egg secretions also 
produced agglutination of the sperms. This is known to be 
due to the presence in the secretions of either an iso-a^lutinin 
or a hetero-agglutinin or both. The iso-agglutinin causes a non- 
toxic, temporary, and reversible agglutination of the sperms 
of the same species. It is colloidal and is either identical with 
or closely related to fertilizin. The hetero-agglutinin causes 
permanent, irreversible, and usually toxic agglutination of 
foreign sperm. It is thus non-specific while the iso-agglutinin 
is specific. Carter {Jour. Exp. Biol., 9 . 1932) has therefore 
investigated the effect of thyroxine in producing agglutination 
of the sperms. It is found to produce permanent agglutination 
of the sperms of many species. The sperms also exhibit 
chemotaxis towards the crystals of thyroxine in the sea-water. 
The agglutination caused by thyroxine thus resembles that 
produced by the hetero-agglutinin rather than the iso-agglu- 
tinin. 

The several different and striking similarities, referred to 
above, in the action of th3rroxine and the egg secretions of 
echinoderms during the processes which lead to fertilisation 
surest that a chemical similarity exists. Following this line 
of reasoning. Carter {Jour. Exp. Biol., 9 , 1032) extracted ripe 
ovaries and testes of E. esculentus by means of Harington's 
extraction method. The amount of crude extract obtained in 
this way was approximately one-eighth of the amount obtained 
by Harington from a similar quantity of thyroid. Although it 
was foimd that these extracts did not contain a large proportion 
of thyroxine, they had a small but definite metamorphic effect 
on amphibian tadpoles. These extracts were found to be active 
in producing the effects on echinoderm eggs and sperms. This 
activity was not due to the presence of a small proportion of 
thyroxine but to a much larger proportion of a chemically 
related substance. This substance is less efficient than thy- 
roxine in accelerating amphibian metamorphosis but is more 
efficient than thyroxine in its effect upon echinoderm eggs 
and sperms. It is concluded that this substance is one of the 
components of the egg secretion and is the fertilizin of Lillie. 
It is also present in ripe sperms. 

The results recorded in the previous papers are summarised 
and discussed by Carter {Jour. Exp. Biol., 9 , 1932) in the seventh 
of this series of papers. It is suggested that the results fall 
into line if it is assumed that the hetero-agglutinin is a sub- 
stance dosely related to thyroxine and that the iso-agp;lutinin 
(•M fertiluan ?) is a more complex substance of which the 
hetero-agglutinin is an essential component. 
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Carter {Jcur. Exp. Biol., 9 , 1932) has carried out further 
experiments on the effects of thyroxine on the sperms of the 
rabbit with a view to determining if compounds related to 
thyroxine may not play a similar part in the phenomena of 
fertilisation in animals other than echinoderms. Since the 
sperms were completely activated in all the media used, the 
omation of maximum activity as shown by the oxygen con- 
sumption was used as a criterion. It was found that the 
oxygen consumption of sperms obtained from the vas deferens 
and cauda epididymis was maintained at its initial value for a 
maximum time when the pH of the medium was 7*8-8o. 
TTie initial consumption was unaltered, but theduration of active 
life was decreased on either side of the optimum pH but 
within the range 6-4-9*o. The behaviour of the sperms was 
unaffected by the presence of thyroxine in media of optimum 
pH. The presence of thyroxine lengthened the active life of 
sperms in media on either side of the optimum hydrogen-ion 
concentration. In both these respects the effect of th3rroxine 
on the rabbit sperms resembled that on the “ ripe ” echinoderm 
sperms. 

Following up recent investigations on the distribution of 
the phosphagens in the animal kingdom, Needham et al. {Jour. 
Exp. Biol., 9 . 1932) have investigated three species of Protozoa 
with a view to determining if these substances are present in 
them, as they are in the metazoa. This point is of considerable 
interest, since their presence would suggest a relation between 
phosphagen metabolism and ciliary movement, such as has been 
established for muscular movement. The three species chosen 
were suitable for culturing in quantities sufficient for analysis 
of the phosphagen content. One, Glaucoma, is a holotrichous 
dliate possessing myonemata and an undulating membrane; 
the other two, Bodo and Polytoma, are flagellates. No phos- 
phagen was found to be demonstrable in them. This negative 
result raises the highly interesting problem of the source from 
which the energy for their movements is derived. 

Part VI of the Natural History of Wicken Fen (Cambridge, 
19^2) brings the volume under the editorship of Prof. J. Stanl^ 
Garmner to a close, thus completing the preliminary survw of 
the chief elements of the fauna and flora of the fen. This 
initial work on one of the most interesting properties held by the 
National Trust paves the way for extensive ecological investi- 

S itions which, it is hoped, will be carried out in the future. 

o doubt further investigations will result in large additions 
being made to the list of the animals and plants of Wicken Fen, 
but this do^ not detract from the magnitude of the work which 
Prof. (Gardiner and his colleagues have achieved during ten 
years of more or less continuous effort. 
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laVOlKKUMIT. By H. F. Barnbs, M.A.. Pb.D., Rotbamsted Experi- 
mental Station. Harpenden. 

Gm$ral Entomology . — ^Various books have appeared recently 
and have been mentioned elsewhere. 

An important review article on terrestrid insects and 
the humidity of the environment has been written by P. A. 
Buxton (Biol. Rev., 7 , 1932, 275-320). This paper should be 
read by all interested in ecological work, it will naturally be 
read by insect physiologists. The same author has discussed 
the methods of estimating the weight of skeletal tissues in 
insects (Biochem. Jl., M, 1932, 829-32). Recent developments 
in our knowledge of temperature and humidity in relation to 

E roblems of insect control have formed the subject of an address 
y A. D. Imms (Ann. App. Biol., 19 » 1932, 125-43). The 
experimental study of these two factors is emphasised. 

A review of the facts and theories bearing on the causes of 
abnormal segmentation is given in a note on the occurrence of 
spiral segmentation in Apantesis nais (Lep., Arct.) by E. T. 
Learned (Jl. N.Y. Ent. Soc., 40 , 1932, 167-82). F. Brocher 
(Arckiv. Zool. Exp. et Gen., 74 , 1931, 25-32) has given a sum- 
mary of his researches on the mechanism of respiration and 
blood circulation in insects, with references to the original 
papers. 

Following the recent work of T. Goodey on Tylenchinema 
oscinellee, a nematode parasite of the frit-fly, it is of gp-eat 
intCTest to hear that another fly, Scaiopse ftiscipes de Meij., is 
subject to attack by a nematode. P. Bovien (Vidensk. 
Medd. fra Dansk. naturh. Foren., 94 , 1932, 13732) has described 
Scatonema wiilkeri gen. et sp. n. as parasitic in the body cavity 
of this fly. He has proved that copulation takes place and also 
that it may occur in the body cavity of the host or even inside 
the maternal uterus. Similarly U. S. Sharga (Parasitology, 84 , 
1932, 268-79) has described a new nematode, TyUnclms aptini, 
which was found parasitising Aptinothrips rufus near Edin- 
burgh. 

In a report on investigations on the buffalo fly, Lyperosia 
exigua de Meij., and its parasites in Java and Northern Australia 
Handschin (Australian Council Sci. and Ind. Res., 
Pamphlet 31, 1932, 24 pp.), a brief account is pven of some 
genetical ej^eriments which were carried out with the Ptero- 
mahd parasite Spalangia. The Lyperosia race of 5 . sundaica 
was crossed with normal S. orientalis. The result was that 
females of the latter when crossed with males of the former 
live twice as long as normally and lay three times as many eggs. 
The reverse cross has the opposite effect. 

D. S. Maclagan, in a^per dealing specially with insects 
(Proa, Roy. Soc. London, B., Ill, 1932, 437-54), has shown that 
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the effects of population density are of greater significance than 
is generally realised. This is of particular interest now that so 
much attention is beii^ paid to migration and the epidemiology 
of insect pests. 

An annotated list of the insects and arachnids affecting the 
various species of walnuts (Juglans) has been compiled by 
R. E. Barrett (Univ. Calif. PM. Entom., 6, 1932, 27 S~ 309 /. 
The original habitat and hosts of Diaireea, Castnia and Tama- 
spis, three major pests of sugar cane in tropical America, are 
described by J. G. Myers Ent. Res., % 1932, 257-71). 

His account of the preliminary work in connection with the 
biological control of West Indian insect pests was noticed in 
these Advances last January. B. M. Hobby (Jl. Animal 
Ecology, 1 » 1932, 77-82) has made a study of the prey of a single 
community of Diociria rufipes De G. (Asilid®). 

L. H. Dunn {Psyche, 88, 1932, 26-9) has described a method 
for collecting ectoparasites from live animals and birds. The 
principle is to chloroform the parasites while the host is held 
in a container ; the parasites are then easily collected from the 
bottom of the receptacle or combed from the hair of the 
animal. 

Orihopiera. — Part 3 of the Bull. Ent. Res. (88, 1932, 293-424) 
is given over entirely to an exceedingly important paper on the 
phases of locusts in South Africa by J. C. Faure. A striking 
feature of this work is the change of colour by locusts experi- 
mentally reared in differently painted boxes. This change of 
coloration, however, is overwhelmed by crowding, isolated 
individuals exhibiting invariably the different colours of 
solitaria hoppers, while whenever the hoppers were crowded they 
acquired the ^regaria type of coloration. 

A determination of total blood volume in the cockroach, 
Periplaneta fuliginosa Serville, has been made by J. F. Yeager 
and O. E. Tauber {Ann. Ent. Soc. America, 86, 1932, 315-27). 
Special attention has been paid to method. 

L. Chopard {Archiv. Zool. Exp. et Gen., 74, 1932, 263-86) 
has dealt with the cave-inhabiting Orthoptera of the palsearctic 
fauna. 

Coleoptera. — C. A. Thomas {Ent. News, 48, 1932, 149-55) 
has now dealt with the diseases, bacterial and fungal, of the 
Elaterid®. Previously he has written papers on their parasites 
{he. cit., 40, 1929) and their predators {he. cit., 48, 1931). A 
remarkable wireworm double monster {Limonius conus Lee.) is 
reported by C. E. Woodworth {Psyche, 89, 1932, 37-40). 

T. Park {Ecohgy, 1932, 172-81), in a study of the 
relation of numbers to initial population growth in the flour 
beetle Tribolium confusum Duval, has shown that an optimum 
population-medium relationship exists in the early stages of 
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cultures in which two pairs of adult beetles in 32 grams of 
flour typically produce more eggs per day than in other cultures. 
K. Mdfanby (Proc. Roy, Soc. London, B., HI* 1932, 376-^) 
has proved, after studying the effect of atmospheric humidity 
on the metabolism of the fasting mealworm, that the beetles 
are adapted to hot dry conditions and their water balance is 
upset when they are starved in moist air. 

The information regarding the flea beetles living on cereals 
has been collected together by H. Blunck (Zeit. /. angew. Ent., 
19 * 1932, 357-94). A note has appeared by H. Scott on the use 
of the hind legs as weapons by the males of Deporaus betulce L. 
(Ent. Mon. Mag., 87 , 1931, 241-3). S. G. Jary (Jl. S. E. 
Agric. CoU., Wye, 80 * 1932, 171-82) has given an account of the 
strawberry blossom weevil, Anthonomus rubi Hebst. The 
bionomics of the pine-bark beetle, Hylasies ater, in New Zealand, 
have been dealt with by A. F. Clark (N.Z. Jl. Set. and Tech., 
14 , 1932, 1-20). 

Lepidoptera. — W. T. M. Forbes {Amer. Nai., 08 * 1932, 
452-60) in an essay on the age of this order comes to the con- 
clusion that the Lepidoptera probably arose in the late Carbon- 
iferous or early Permian period and in a sort of symbiosis with 
the first flowers. This opinion is contrary to the one generally 
held that the Lepidoptera are the youngest of the larger orders. 

An interesting biography of the Angoumois grain moth has 
been written by P. Simmonds and G. W. Ellington (Ann. Ent. 
Soc. America, tt* 1932, 265-81). They trace its progress as a 
serious pest right up to the stage where it can be regarded as a 
beneficial insect of first rank owing to its use as the breeding 
medium of Trichogramma. 

The structure and operation of the reproductive organs of 
the genera Epkestia and Phdia have been studied in detail {Proc. 
Zoo. Soc. London 1932, 1932, pp. 595-611) by Maud J. Morris 
(Mrs. O. W. Richards). This is the first of a proposed series of 
papers dealing with the factors influencing the fertility of 
the moths E. kUhniella Z. and P. interpunctella Hb. 

In a study of the alimentary canal in Pieris brassicce and 
the endodermal origin of the Malpighian tubules of insects 
{Q.J.M.S., 76 , 1932, 283-305), H. Henson interprets the inter- 
stitial (imaginal) rings of the insect gut as homologous with 
the lips of the embryonic mouth and anus of Peripatus {i.e. the 
blastopore lips). He thus changes his opinion expressed in 
1931, which was based on a morphological study of Vanessa 
urtiem, that they are the persistent embryonic ends of the 
stomodteum and proctodseum. The influence of temperature 
and air humidity on the development and mortality of Pieris 
bmssi&$ have been studied by H. Z. Klein {Zeits, /. angew. Ent., 

m », 395-448). 
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One of the results of a study of the seifflitmty of the legs of 
butterflies to sugars by A. L. Anderson (Jl. Exp. Zool., 6t» 
*93*. 233-59) is that he finds the legs of one of the most sensitive 
butterflies may be as much as 1,200 times as sensitive to sac- 
charose as the human tongue. 

An account of the recent development of melanism in the 
larvse of certain species of Lepidoptera has been written by 
J. W. H. Harrison {Proc. i?oy. Soc. London, B., 111 . 1932, 
188-200). A. W. McKenny Hughes {loc. cit., B,, 110 , 1932, 
378-402) has described some experiments which were carried 
out in an attempt to induce melanism in Selenia bUunaria 
Esper., by feeding the larv® on hawthorn treated with lead and 
manganese salts. No melanic individuals, however, appeared 
in the treated or control broods. Had the insects behaved in 
the same way as those of J. W. H. Harrison in previous work, 
some melanics would have appeared. 

An important study of voltinism and dormancy has been 
made by R. W. Dawson (//. Exp, Zool., 60 , 1931, 87-131) 
dealing with the Polyphemus moth. 

Hemiptera. — ^The climbing organ on the distal end of the 
tibia of the anterior and middle pairs of legs possessed by 
Rhodnius prolixus has been fully described by J. D. Gillett and 
V. B. Wigglesworth (Proc. Roy. Soc. London, B., Ill, 1932, 

King and W. S. Cook {U.S. Dept. Agric., Tech. Bull. 
296, 1932, 1 1 pp.) have made a study of the feeding punctures 
of Mirids (Capsids) and other plant-sucking insects and their 
effect on cotton. This was done with a view to ascertaining 
whether the injury to cotton following the feeding of these 
insects was the result of a transmissible virus or due to mechani- 
cal or chemical injury. The results lead the authors to believe 
that hopper damage is due to injected substances normally 
present in the insects and toxic to the plant, rather than to a 
transmissible disease. 

The biological section of a monograph on Trialeurodes 
vaporariorunt (Westwood) by H. Weber has appeared (Z. 
Mo^h. Oekol. Ttere, S8, 1931, 575-753). 

The difficulty of using cultures of aphids for experimenta- 
tion purposes is emphasised by the results of a study of the 
differences exhibited by various clones or parthenogenetic 
lines of Macrosiphum sotanifolii by A. F. Shull {Amer. Nat., W, 
193a, 385-409). Differences in the production of winged 
offspring as well as in colour are described. These characters 
are also subject to change, as is shown by the description of 
how one clone suddenly changed in several respects, for example 
it reversed its response to light and darkness with respect to 
wing production. R. Kirschner (B*o/. Zbl., 68^ 193a, 103-17) 
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has found that deviation from the normal life-cycle of Phorodon 
k$tmuli was caused in certain cases by chemical change in the 
food plant due to leaf-roll disease. 

W. Carter has made a study of populations of Pseudococcus 
brevipea (Ckl.) occurring on pineapple plants {Ecology, 18, 1932, 
296-304). 

Hymenopiera . — ^The biology of the apple sawfly {Hoplocampa 
iestudinea Klug.) has been investigated by H. W. Miles {Ann. 
App. Biol., 19 » 1932, 420-31). 

The early stages of five species of Tryphonine Hymenoptera 
parasitic on sawfly larvae have been described by C. P. Clausen 
{Proc. Ent. Soc. Wash., 88, 1932, 49-<to). After studying 
natural superparasitism by CoUyria calcitraior Grav., G. Salt 
{Bull. Ent. Res., 88, 1932, 211-15) has come to the conclusion 
that there is a degree of discrimination on the part of the ovi- 
positing females. Previously it had been widely assumed that 
parasites oviposit in their hosts purely at random, not discrimin- 
ating between healthy and previously parasitised hosts. 

The four larval stages of Ascogaster carpocapsce Viereck, 
an important Braconid larval parasite of the codling moth and 
Oriental fruit moth, have been described by J. A. Cox {N.Y. 
State Agric. Expt. Sta., Tech. Bull. 188, 1932, 26 pp.). The 
biology and morphology of the Braconid Chelonus annulipes 
Wesm., a parasite of the European corn borer, have been worked 
out by A. M. Vance {U.S. Dept. Agric., Tech. Bull. 294, 1932, 
48 pp.). Another Braconid has also been studied, namel]^, 
Macrocentrus ancylivorus Roh., a parasite of the Oriental fruit 
moth, by G. F. Haeussler (//. Agric. Res., 45 , 1932, 79-100). 

The morphology and biology of Habrocytus cerealelUe 
Ashmead, a Pteromalid parasite of the Angoumois grain moth, 
has been described by N. S. Noble {Univ. CaliJ. Publ. Entom., 
5 , 1932, 311-54). 

An important review article on the biological r 61 e of heat 
in the nests of social Hymenoptera has been written by A. 
Himmer ^iol. Rev., 7 , 1932, 224-53). 

T. C. Barnes and H. I. Kohn have made a rather interesting 
study of the effect of tenmerature on the leg posture and speed 
of creeping in the ant Lasius {Biol. Bull., 88, 1932, 306-12). 
Territory among wood ants, Formica rufa L., has formed the 
subject of a short paper by C. Elton (//. Animal Ecology, 1 » 
1932, 69-76). The first instance of a ^nergate, i.e. a form 
exhibiting a gynandromorph-like condition of female and 
worker characteristics, in ants has been recorded and described 
by G. S. Tulloch {Psyche, 89 , 1932, 48-51). It appears from 
this that the trophic hypothesis of cast determination may have 
to be discarded in favour of the blastogenetic h}rpothesis. 

Hie literature on the nest population in the Vespidae is 
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reviewed in an article by Barbara J. Beta {Qtly. Rev. Biot., ?• 
193 ». i 97 “ao 9 ). 

An outline of the work being done by Nonna Leveque 
concemiiw the evolution and taxonomy of cari>enter bees 
(Xylocopidee), correlated with a study of their symbiotic mites, 
nas appeared recently {EnL Mon. Mag., 88 , 1932, 109-12). 

Following previous work on contact chemoreceptors in 
Lepidoptera and Diptera, D. E. Minnich has now (//. Exp. 
Zool., ^ 1932, 375-93) shown that the first If^ and the antenna 
of the honey b^ possess such organs. 

Diptera. — A. symposium given before the Entomological 
Society of America on bloodsucking and non-bloodsucking flies 
in relation to human welfare has been reported {Ann. Ent. Soc. 
America, 26 , 1932, 603-30). The contributors were F. C. 
Bishopp, H. H. Schwardt, E. H. Hinman, W. B. Herms, and 
E. C. Faust. 

E. H. Hinman {Qtly. Rev. Biol., 7 , 1932, 210-17) has re- 
viewed the literature on the utilisation of water colloids and 


material in solution by aquatic animals with special reference to 
mosquito larvae. The same author has reported the presence 
of bacteria within the eggs of mosquitoes (Science, 76 , 1932, 
106-7). Th® importance of the possibility of such an heredit- 
ary transmission of the etiological agent of either yellow fever 
or dengue can be readily understood. G. H. Bradley (//. 


Agric. Res., 44 , 1932, 381-99) has made a study of some factors 
associated with the breeding of Anopheles mosquitoes. P. Tate 
and M. Vincent (Nature, 180 , 1932, 366-7) have recorded that, 
while only 30 per cent, of their Culex pipiens gorged when kept 
in the dark, after exposure to light 66^^ per cent, gorged. 

H. F. Barnes (Proc. Zool. ^c. Londonripje, 1932, 323-34) 
has shown that food affects the size of adult midges and in 
addition the number of antennal segments in some species and 
genera of Cecidomyidae. The infestation of wheat by the wheat 
blossom gall midges has been studied over a period of five years 
the same author (//, Animal Ecology, 1 , 1932, 12—31). 
Tnis is the first of a series of similar studies on fluctuations in 


insect populations in the field. 

J. S. Steward has written a note on Simulium sp. attacking 
hi^es and ^ttle in Herefordshire (Rept. Director, Univ. Cam- 
bridge, Instit. Animal Pathology, 2(ig3i), 1932, 194-7). This 
is rather an unusual occurrence in Great Britain. 


The oviposition stimuli of the burr-seed ffy, Euaresta 
eumalis Loew (Tiypetidae) have been studied by G. A. Currie 
(iwtf. Ent. Res., ^ 1932, 191-3). Four successive stimuli 
apparently are necessary for oviposition, namely : the character- 
istic odour of its host ; a body of size and shape of the same 
(Mrder of magnitude as the " cockle " burrs ; a spiny surface 
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which gives the immediate local stimulus to dip the ovipositor 
and penetrate the burr, and hooks on the spines to give the 
fUes a good foothold for purchase in penetrating the capsule ; 
and finally the right texture of the capsule. 

Egg production in Drosophila melanogaster and some factors 
which influence it are discussed by W. W. Alpatov (//. Exp. 
Zool., 68. 1932, 85-1 11^. It is suggested that a thorough study 
of egg production might throw light on problems of mass 
appearance of injurious insects. R. Pearl {loc. cit., 68, 1932, 
57-84) has made a study of the effect of density of population 
on e^ production. As the density of population within a 
closed bottle increases, the daily rate of egg production per 
female of Drosophila decreases. The orderly change in rate 
of egg production with increasing density is shown to be 
described by the same type of mathematical equation as 
that which relates the mean free path of molecules to density 
in a gas. 

Two more studies on the nutrition of blowfly larvae by 
R. P. Hobson have apiiearcd. The first (Jl. Exp. Biol., 9 , 1932, 
359-65) deals with the liquefaction of muscle, and it is suggested 
that the chief factors involved are mechanical maceration and 
the alkaline reaction which results in the first place from 
bacterial action. The second {he. cit., 366-77) treats of the 
normal r 61 e of micro-organisms in larval growth. This papier 
indicates that the chief function of micro-organisms is to supply 
accessory food substances which are partly deficient in muscle. 
The growth factor involved does not appear to be identical 
with vitamin or Ba. O. R. Causey {Amer. Jl. Hygiene, 16 , 
1932, 276-86) deals with sterilisation and growth of the eg^ 
and larvae of the blowfly. A. C. Evans {Jl. Exp. Biol., 9 , 1932, 
314-21) has investigated some aspects of chemical changes 
during insect metamorphosis, using Lucilia sericata. The 
changes in proteins and degradation products, skeletal or 
chitin-N, total carbohydrate and fatty acids, were studied at 
frequent intervals during the change from larva to adult. 

G. Salt in an account of a year’s work on the natural control 
of Lucilia sericata {Bull. Ent. Res., 88, 1932, 235-45) has 
expressed the opinion that the reproductive rate of tlus fly is of 
such a nature as to preclude the method of biological control. 
An important advance seems likely to have been achieved in 
the attempts that are being made to discover an artificial bait 
for the sheep blowfly in Australia. M. R. Freney {Australian 
Jl. Council Sci. and Ind. Res., 5 , 1932, 28-30 and 94-7) has 
shown that keratin from wool fibre decomposed by sodium 
sulphide solution is more attractive to primaiy than to second- 
ary blowflies. There are also notes by Mary E. Fuller {he. cit., 
162-4) on the effects of carcass burial. The latter worker has 
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figured and described the larvae of Australian sheep blowflies 
{Proc. Linn. Soc. N.S.W., 87 » 193s, 77 “ 90 > 

R. T. Webber (//. Agric. Res., 4S, 1932, 193-208;! has written 
a full account of Siurmia inconspicua Meig., a Tachinid paraate 
of the gipsy moth. A. E. Cameron (Parasiiohgy, #l» 193*1 
185-95) has described the adult and the early thhd*stage larva 
of the nasal bot fly, Cephenomyia auribarbis Meig., of the red 
deer. 

Other Orders. — ^A preliminary account of the Protura of 
Australia has been given by H. Womersley {Proc. Linn. Soc. 
N.S.W., 67 , 1932, 69-76). 

The second part of D. S. Maclagan’s ecological study of 
Sminthurus viridis Linn, has now been published (Bull. Eni. 
Res., £8, 1932, 151-90). This includes the seasonal and geo- 
graphical variation in abundance, applied control and remedial 
measures, and general conclusions under three sub-headings — 
economic, ecological, and evolutionary considerations. An 
account of experiments with soil factors affecting oviposition of 
Sminthurus viridis as well as the technique used is given by 
J. Davidson {Australia Jl. Exp. Biol, and Med. Sci., 10 , 193*, 
1-16). Another paper by the same author on the viability 
of the eggs of this insect in relation to their environment has 
also appeared {loc. cit., 65-88). The anatomy, in particular 
that of the digestive system and the cephalic glands, of a new 
Collembolan has been described by D. Mukerji {Rec. Jnd. Mus., 

61, 1932, 47-79). 

J. V. Pearman {Ent. Mon. Mag., 68, 1932, 193-204). has 
given notes on the genus Psocus with special reference to the 
British species. 

The position of Chrysopids as a factor in the natural control 
of the Oriental fruit moth has been studied by W. L. Putman 
{Canad. Ent., 64, 1932, 121-6) and he has found that they are 
important. 

H. S. Leeson {Parasitology, 24, 1932, 196-209) has investi- 
gated the effect of temperature and humidity upon the survival 
of certain unfed rat fleas. The methods used to eliminate errors 
in technique are described. One of the results is the conclusion 
that high temperatures and low humidities tend to shorten life ; 
and conversely low temperatures and high humidities tend to 
produce longer lives. 
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BINAURAL SOUND-LOCATORS 1 

By E. T. PARIS. D.Sc., F.Ihst.P. 

The instruments known as binaural sound-locators have been 
developed in Anti-Aircraft Defence for finding the direction of 
aircraft at night'^by sound. The development of such locators 
began about the' year 1917 when the dropping of bombs from 
aircraft at night had become a regular feature of Warfare. 

The problem of anti-aircraft sound-location may be divided 
into two parts, the first being the determination of the direction 
from which sound-waves from an aircraft arrive at some point 
on the earth’s surface. This direction may conveniently be 
called the “ line of sound ” to the aircraft. Since sound-waves 
travel in air at about 1,100 ft. /sec., while the speed of bombing 
aeroplanes is generally between 150 and 250 ft. /sec., the ” line 
of sound ” — if we ignore refraction effects due to wind and 
temperature-variations in the atmosphere — ^is alwa^ the 
direction to some past position of the aircraft. Also this past 
position is at a considerable distance from the position occu- 
pied by the aeroplane at the time it emitted the sound 
received by the sound-locator. For example, the average 
time taken by sound to travel to a sound-locator from an 
aeroplane at 10,000 ft. is about 15 seconds and during this 
time the aeroplane moves along its course for a distance of 
about half a mile. Thus the “ line of sound ” is a line from 
the sound-locator to a point half a mile behind the aeroplane. 
The second part of the problem of sound-location is therefore 
the deduction of the present line of sight from a past line of 
sight. This “ prediction ” from the past into the present can 
be accomplished if the course of the aircraft and its speed along 
the course are known. The process of finding the present line 
of sight is called colloquially " correcting for the lag of sound.” 
We shall in this article be concerned mainly with the design of 
sound-locators for finding the line of sound, but some mention 

* Much of the information concerning sonnd-locaton in this article 
has come to me through official channels, and 1 am indebted to the Royal 
Biu^bienr Board for permission to publish it and to reproduce the photographs 
la figs, 3 and 4.— E. T. P. 
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will be made of the j^nciples on which devices for applying the 
lag-of'-sound correction can be designed. 

The design of sound-locators for anti-aircraft defence began 
in this TOuntry in the Anti-Aircraft Experimental Action of 
the Munitions Inventions Department. This Department was 
a war-time orgamsation and is, of course, now defunct. Simul- 
taneously experiments were also carried on at the National 
Physical Laboratory. It was in the A.A. Experimental Sec- 
tion, under the direction of Prof. A. V. Hill, that the design 
for the first binaural sound-locator used in the British Army 
was produced. At the time when experimental work was 
begun, there was a binaural apparatus in the French Army 
known as the Claude “ orthophone,” and tests were made with 
one of these instruments. The orthophone was intended W 
the location of guns and machine-guns by sound and, although 
it appears never to have attained much success when used for 
the purpose for which it was designed, it seems to have pro- 
vided the starting-point for the development of a binaural 
locator for use in anti-aircraft defence. 

The Oaude apparatus was the simplest t 5 rpe of binaural 
sound-locator that could be devised. It was designed to make 
use of the natural binaural faculty of a listener, that is, the 
faculty which enables him to determine whether a sound is 
comii^ from left or right or straight ahead. This faculty is 
dependent on the simultaneous employment of both ears, and 
the semations experienced are probably due to an appreciation 
of a difference in the time of arrival of a sound at the right 
and left ears. If sound from a certain source reaches the right 
ear of a listener before it reaches his left ear then he judges the 
source to lie to the right, and conversely if the sound reaches 
his left ear first he judges the source to be to the left. If the 
sound reaches both ears simultaneously then the source of 
sound appears to be straight ahead. Since the distance from 
ear to ear round the back of the head is only about six inches, 
and since sound travels this distance in about one two-thou- 
swdth of a second, the time-differences which give rise to the 
binaural sensation of direction must be very small. The idea 
underlying the Claude apparatus was that if there were a 
virtual extension of the distance between the ears, such as can 
be secured by the use of two listening tubes leading from two 
points some distance apart, one to the right and one to the left 
ear, it should be possible, by a rotation of a stand carrying 
the tubes, to make accurate determinations of the ang^daf 
hearings of sources of sound, because, if a suitable distance 
between the open ends of the two tubes is chosen, a 
angular rotation of the stand would produce an easily appre- 
hended time-difference at the ears of Ae listener. 
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The Claude aroaratus took the form shown diagrammati- 
cally in Fig. i . Inere were two horizontal metal tubes T, and 
T|, bent into the shape shown in the figure. The sound was 
picked up through the open ends at Oi and Oi, these being 
bent forward for a short distance towards the direction fi-om 
which the sound arrived. The tubes were continued down- 


wards alongside a vertical shaft X, and to their other extremi- 
ties, at ti and it in Fig. i, was attached a stethoscope head- 
fitting, so that the sound entering at 0« was led to the right 
ear of the listener while that entering at O, was led to his left 


ear. The tubes Ti and T» 
could be rotated in a hori- 
zontal plane about the ver- 
tical axis X by means of 
the hand-control h until the 
sound that was being located 
appeared to the listener to 
be straight ahead. When 
this happened the line of 
sound was at right angles 
to a line joining Oi and Ot 
and the bearing could be 
read on a scale with which 
the instrument was provided. 
The whole instrument was 
designed to be supported in 
the roof of a dug-out from 



the inside of which the listener made his observations. 


With the help of this instrument the azimuthal bearing of a 
source of sound could be found. To define the direction of an 


aircraft from a point on the earth’s surface it is, however, 
necessary to determine a second angular co-ordinate. Thus, 
in the binaural sound-locator as finally developed there were 
two listeners, one of whom found the azimuthal bearing by the 
rotation of a horizontal cross-arm about a vertical axis as in 


the Claude orthophone, while the other found the elevation in a 
vertical plane. The second, or elevation, listener rotated an 
arm in a vertical plane about the horizontal axis provided by 
the cross-arm operated by the azimuthal listener. This method 
of building a sound-locator is the altazimuth method and is 
shown diagrammatically in Fig. 2 . The vertical axis is X and 
Ai ,A» are the two points where the sound heard by the azimuth 
listener is picked up. The cross-arm Ax A| is horizontal and 
can be rotated about its point of support at O. The sound 
heard fay the elevation listener is picked up at Ex and E| 
and the arm Ex Ei can be rotated about Ax in a vertical plane. 
When both listeners are on sound " all four points Ax, At, 
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Et and E| lie in a plane the normal to which is the line 
of sound. 

For aircraft location it is found insufficient to employ on^ 
the open ends of tubes for picking up the sound, and sound* 
collectors are mounted with their centres at Ai, At, Ei, Et. 
in some sound-locators these collectors are conical triunpets 
with tubes leading back from the narrow ends of the cones to 
the stethoscope worn by the listeners. The cones act in ^e 
same way as the ordinary ear-trumpet and serve to ^g^ify 
faint sounds and make them easily audible to the listener ; 

they also assist a listener 
to concentrate his attention 
on the sound coming from 
one direction by screening 
off sounds coming from 
other directions. 

A sound - locator with 
four conical trumpets on an 
altazimuth stand is shown 
in the photograph repro- 
duced in Fig. 3. The trum- 
pets, which are made of 
thin metal, are encased in 
pyramidal wooden sheaths 
of square cross-section, and 
there is an air-space be- 
tween the wooden sheaths 
and the cone. This con- 
struction is intended to 
prevent the incidence of sound on the walls of the cone and 
to minimise the disturbing effect of sounds coming from 
lateral directions (e.g. the sound of road traffic). 

We may now enquire into the accuracy with which the 
direction of a source of sound can be found by listeners using 
a sound locator. In discussing this question we shall ignore 
effects due to the refraction of sound in the atmosphere. Both 
the temperature lapse-rate in the atmosphere and the variation 
of wind strength and direction with height above'the earth’s 
surface refract the rays of sound from an aircraft, so that even 
when the lag of sound has been corrected for, the line of sound 
does not in general coincide with a past line of sight. These 
refraction effects are calculable by methods that have been 
described ‘ and will not be considered here. When they are 
left out of account, there remains the question as to the accuracy 
with which a locator can be used to determine the normal to 
the wave-fronts arriving at the point of observation. It is 
» E. A. Milne, Phil. Mag., voL XUl, p. 100 (1931). 



Fio. a. — Altasimuth Sound-Locator 
Mounting. 
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necessary as a preliminary to consider the nature of binaural 
hearing. 

As stated above, the binaural sensation of direction is 
probably due to a difference in the time of arrival of sound- 
waves at the two ears. At one time, however, it appears to 
have been held that the perception of direction was attributable 
to a difference in the amplitude of the vibrations affecting the 
two ears, this difference being caused by the sound-shadow 
thrown by the listener’s head. It was shown by Rayleigh* 
that this hypothesis did not adequately explain the phenomena 
of binaural hearing. For example, the head-shadow formed by 
sound-waves of frequency 128 cycles per second produced a 
barely perceptible difference in amplitude at the two ears, 
but the perception of direction was as clear as at higher fre- 
quencies, when the head-shadow was more definite. Ray- 
leigh’s hypothesis was that up to frequencies of 5 1 2 cycles per 
second, and perhaps higher, a phase-difference between the 
sound occurring at the two ears could be recognised and that a 
listener’s judgment of the direction of a sound was founded on 
an appreaation of this phase-difference. The emphasis laid by 
Rayleigh on phase-difference as distinct from differences in ampli- 
tude or intensity, led to the belief that his hypothesis implied 
that the apparent direction of a source emitting a continuous 
tone was determined only by the phase-difference (measured 
as an angle or as a fraction of a period) between the vibrations 
stimulating the two ears, and not by the time-difference to 
which the phase-difference corresponded. It is difficult to 
believe that any such implication was intended ; there would 
be obvious difficulties in the case of complex sounds, for the 
various component tones would be associated with different 
apparent directions. Also a source of va^ng frequency 
would appear to be continually changing its direction. Horn- 
bostel and Wertheimer,* in 1920, advocated the view that 
time-difference was the determining factor in localisation, and 
in a recent publication Shaxby and Gage * describe experiments 
which appear to show definitely that a given localisation can be 
associated with a certain time-difference. Shaxby and Gage 
condude from their experiments that ’* for or^nary sounds, 
at any rate for frequencies lower than about 1,200 vibrations 
per second, the physical phenomenon on which localisation in 
the median plane depends is the interval of time elapsing 
between the arrival of the sound-waves at the two ears.” 

* Phil. Mag,, vol. XIII, pp. *14-3* (1907) ; SH. Pa^s, vol. V, pp. 347-63. 

* Siitungbir. Prtu$$. A had. d. WisstnseM., vol. XX, pp. 388-^ (1930) J 
MO abo Hombostel, Pkys. Soe, Discussion on Audition, p. 120 (1931). 

* Studias in tka LoeaUsaikm of Soutid, by J. H. Shaxby and F. H. Gaga. 
Mad. Rat. Coundl Spatial Raport Sanaa, No. 166 (1932). 
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It appears, therefore, that, except in the case of sound of 
high frequency, current opinion favours time-difference as 
a principal factor in binaural localisation in everyday life. 
What is more important, however, is that it has been demon- 
strated that time-difference alone provides a sufficient basis for 
a judgment of localisation. That time-difference alone is 
sufficient can he confirmed by the use of an a^aratus designed 
by G. W. Stewart ‘ and called a “ Phaser." This apparatus is 
so made tW alternating currents of the same frequency and 
amplitude pass through two telephone receivers on the ears of a 
listener. The relative phase of the currents can be altered 
at will and it is found that a binaural sensation of direction is 
experienced by the listener, and that when the phase is chang- 
ing he is conscious of a moving “ sound-image,” Since in any 
particular experiment with the phaser the frequency of the 
sound remains constant, every phase-difference corresponds to a 
defoiite time-difference. With this apparatus there is no 
variation in the amplitude or quality of the sounds at the 
two ears and therefore localisation is due to time-difference 
alone. 

In a sound-locator such as the Claude orthophone the 
listener finds direction solely by time-difference, for this is the 
only thing that changes as the instrument is rotated. Owing 
to the small size of the openings through which the sound 
enters the apparatus there can be no change either in the 
amplitude or in the quality of the sound reaching the listener’s 
ears. It is true that, except when the listener localises the 
sound in the median plane, one of the openings will be farther 
from the source than the other and that there is theoreti- 
cally a difference in amplitude on this account ; but in practice, 
unless the source is very near the locator, the difference is quite 
negli|;ible. Let the locator be initially placed so that the 
opemngs Oi and Oi (Fig, i) are equidistant from the source of 
sound, and then let the stand be rotated through an angle a. 
If L is the length of each arm of the locator, and a cm./sec. is 
the velocity of sound in air, the time-difference consequent on 
the rotation is (zL sin a) {a seconds, or for small values of « 
approximately zLa/a seconds. If A/ is the smallest time- 
difference that can be appreciated with certainty by a normal 
listener and we write X » a.A/ then the greatest angular error 
that would be made in laying the locator is given by sm a X/aL, 
or a ■> X/aL radians approximately. The distance aL is called 
the base-lenrth of the locator and we see that the accuracy of 
laying should be inversely proportional to the base-length. 
Accorffing to the experiments of Hornbostel and Wertheimer 
{toe. cit.) the value of X is about i cm., so that even with base- 
• PAy*. Rev., vd. XV, p. 433 (19m). 
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lengths of quite moderate dimensions, say L » i metre, the 
greatest error should not be more th^ 1/200 the radian, or 
between a quarter and a half of a degree. 

In a sound-locator such as that shown in Fig. 3, in which 
the sound is received by conical trumpets, the principal effect 
on which localisation depends is still probably time-difference. 
The use of sound-collectors is, however, accompanied by other 
effects which may be of assistance to the listeners. These 
other effects are associated with the directional properties of 
the sound-collectors. Conical trumpets have different polar 
curves of reception for sounds of different frequencies, but in 
all cases the received sound is a maximum when the axis of the 
cone is pointing towards the source. When the axis of the cone 
is moved away from the direction to the source, the loudness 
of the received sound falls off and the higher the frequency of 
the sound the more marked is the falling off for a given ai^lar 
movement. It follows from this that, in addition to time- 
difference two other effects occur which may be of help to 
listeners. Firstly, the sound is loudest when the trumpets 
point towards the source. In the construction shown in Fig. 3, 
the trumpet mouths are coplanar and are arranged to lie in the 
plane of the wave-fronts of the received sound when the time- 
difference is zero, and hence zero time-difference and maximum 
loudness occur together. Secondly, if, as is the case with 
aircraft, the sound to be located is very complex, there is a 
change of quality as the sound-locator is moved round through 
different angles from the direction to the source. 

It is not possible to say what parts are played by these 
loudness and quality changes or even whether or not they are 
important in comparison with time-difference. It may be 
significant, however, that most users of sound-locators agree 
that they find localisation easiest when they can hear the high- 
pitched sibilant constituents of aeroplane sound. The nre- 
quencies of these constituents are very high, far above those 
for which the time-difference theory has been found to be 
satisfactory. On the other hand, it must be remembered that 
the sound from aircraft suffers considerable and rapid variation 
in amplitude (due to meteorological hazards) and it is conceiv- 
able that there may be some mechanism of hearing whereby 
localisation can be made by an appreciation of the time-differ- 
ence between the arrival at the ears of the beginnings (or ends) 
of trains of waves of different amplitude. 

The base-length in the locator shown in Fig. 3 is 54 inches. 
On the assumption that localisations are made entirely by time- 
difference and that the minimum perceptible path-difference 
is I cm., the determination of direction (on a fixed source) 
should be possible to within one degree. Hiis is about the 
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accuracy that can be obtained if trained listeners are used. 
The accuracy on a moving source is of course not so good. 

The selection of listeners for sound«locators is a matter 
of great importance if accurate results are to be obtained. 
It has been customary to test the binaural powers of indi- 
viduals by observing the accuracy with which they can lay a 
sound-locator, in azimuth only, on a fixed source of sound. It 
was discovered, in the early days of sound-location, that 
certain listeners would lay the locator very consistently but 
that the mean of the directions found would not coincide with 
the theoretical direction, i.e. the direction which would 
make the length of path of the sound to both ears equal. 
This deviation from the theoretical direction was called the 
“ personal error ” of the listener and sometimes amoimted to 
as much as one degree with a locator having a base-length of 



Fig. 5.— -Goerz Paraboloid-Ellipsoid Combination. 


about five feet. The corresponding path-difference is about 
2*5 cm., and is considerably greater than the minimum path- 
difference which the listener could detect. Shaxby and Gage 
{he. cit. supra), using a laboratory method, have recorded the 
personal errors of a number of observers. In an examination 
of forty individuals they found that (expressed as path-differ- 
ences) the personal error v^ed from 002 cm. to 5*03 cm. 
(about equally distributed right and left), the average being 
about 1*2 cm. At the same time they recorded the scatter 
of the listeners' oteervations and found that it might happen 
that an observer with a large personal error had a small scatter, 
or vice vwsa. They use the convenient terms “ bias " and 
" uncert^nty " to define the quality of a listener. TTie 
" bias ” is the personal error of the listener expressed as path- 
difference, and the “ unco'tainty " is the standard deviation 
of his obstarvations. A good listener must have a snudl bias 
as well as a small uncertainty. 

In recent years a sound locator has been manufactured by 
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the firm of K. P. Goerz in Bratislava, Czechoslovakia, which 
presents novel features in the design and arrwgement of the 
sonnd-collectors. A view of the instrument is reproduced in 
Fig. 4 \ a detailed description of it, including theoretical con- 
siderations, has been given by C. v. Hofe.‘ The sound col- 
lecting units are paraboloid-ellipsoid combinations, and one of 
tlMm is shown in section in Fig. 5. The sound is received 
first of all on the paraboloidal reflector P, which brings the rays 
to a focus at F. From this focus the sound is led to the listener's 
ear by the elongated hollow ellipsoid E. The theory is that the 
ra3rs of sound after passing through the focus F, which is also 
one of the focal points of the ellipsoid, will be reflected once 
more from the inner surface of the wall of the ellipsoid and 
again brought to a focus at /. The end of the ellipsoid near / 
is cut off and a porous rubber ring attached to the circular 
opening. This ring fits over the listener’s ear, and when the 
ear is held in place the entrance to the meatus is approximately 
at the focus /. The^rays incident on the paraboloidal reflector 
can of course only be brought to a focus when they are parallel 
to the axis of the paraboloid. The paraboloid and the entrance 
to the ellipsoid are shaped in such a way that when rays are 
incident from the right (looking forward towards the source), 
as from AA in Fig. 5, more sound enters the ellipsoid than when 
the rays come from the left as from BB in Fig. 5. In this way a 
differential intensity effect is obtained, the sound being louder 
on the side to which the source lies. 


The azimuth listener uses two sound-collecting units 
similar to that shown in Fig. 5. 

For the elevation listener the 
dongated ellipsoid is divided at 
its widest part and the two halves 
set at right angles with a " flat- 
elbow " joint. The arrangement 
is shown in Fig. 6. It will be 
noticed that although the arrange- 
ment of the sound-collectors is 
suc^ tlmt one listener finds the 

l^muth angle and the other finds 6.-Amngem«nt of Elevator 
the elev&tlOXli the stand is not Sound^oUectors in G^z Locator. 
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of the altazimuth type shown in 

Fig. a, but a variation of it in which the elevation collectors are 
" staggered.” The elevation and azimuth parts of the locator 
are mounted on opposite sides of a tripod stand with a large 
round top on whi(m is a seat for the operator of a mechanism 


* ZetoeAr. /. InttrunuHtenkundt, voL XLIX, p. 331 (1939) ; other descrip- 
th»s of the lomtor and accessory apparatus are contained in various articles 
whi^ have appeared in the Rivista dt ArHgkria 0 Crsato from 1928 to 1931. 


466 SCIENCE PROGRESS 

for applying the lag of sound correction. The azimuth and 
elevation collectors are linked mechanically in such a way 
that the axes of all four paraboloidal reflectors are always 
parallel to one another. 

The instrument is interesting because it is designed to 
IHX>duce a difference in amplitude at the two ears of the listener, 
and the intention of the designers is that the listener should 
locate the sound by rotating the instrument until the sound 
appears equally loud in both ears. At first ^ght it seems 
improbable that a “ ray ” construction could give any useful 
results when applied to the reflexion of sound in the paraboloid- 
ellipsoid combination, since the dimensions of the reflecting 



Fig. 7. — ^Difierential Sound-amplitude Effect in Goers 
Locator (Frequency 1,000 cycles). 


surfaces are comparable with the wavelength. Experiments 
show, however, that quite well-marked differences in amplitude 
can be produced at the listeners' ears. The curves in Fig. 7, 
for example, show the variation in amplitude for sound of i ,o<x> 
cycles per second as the listening unit is rotated. The curves 
were obtained by placing a condenser microphone at the end of 
one of the azimuth ellipsoids in the position that would be 
occupied by one of the listener's ears. The source of sound 
was a loud-speaker emitting a steady and fairly pure tone of 
1,000 cycles per second at some distance from the locator. 
The response of the microphone is proportional to the ampli- 
tude of the vibration affecting the diaphragm and this was 
plotted against the angular bearing of the locator. The full 
curve shows the amplitude of the sound affecting the right ear 
and the broken curve the amplitude that would »multaneously 
affect the left ear. When the bearing is o'* the amplitude at 
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the two ears is of coiirse equal. If the instrument is moved 
to the left the amplitude at the right ear increases and tluit 
at the left ear decreases until when the bearing is about 5" 
from the central position the an^litude at the right ear is 
about twice that at the left ear. This corresponds to a differ- 
ence of 6 decibels between the stimuli at the two ears and the 
difference in loudness would be easily perceived. In this 
locator the listener has three aids for localising the sound in 
the median plane ; these are (i) the usual time-difference 
effect, (ii) a differential loudness effect — ^which will obviously 
be more apparent in the high-frequency components of the 
sound, and (Hi) a differential quality effect. 

There are, as pointed out above, loudness and quality 
effects in the sound-locator with conical trumpets shown in 
Fig. 3, but they are the same for both ears. The point about 
the Goerz locator is that unless the instrument is placed so 
that the sound appears to be directly ahead, the loudness and 
quality of the sounds heard by the two ears will be different. 

Two other types of sound-locator may be mentioned. 
These are the Exponential Sound-Locator ‘ of American ori^n 
and the French Telesitemetre.* The former is equipped with 
four large exponential trumpets (each about 15 feet long) as 
sound-collectors, two being used for finding the azimuth 
angle and two for elevation. The locator is the same in 
principle as the four-trumpet locator shown in Fig. 3, but the 
base-length is greater, being in the neighbourhood of 9 feet. 
The Telesitemetre is also a large locator with four sound- 
collectors of a type designed by ^of. J. Perrin of Paris. They 
are nests of small conical trumpets (forty-two trumpets to each 
collector) and are called “ myriaphones.” 

The locators described and mentioned above include the 
principal types at present made. With the exception of the 
Goerz locator, they rely ostensibly on the perception of time- 
difference by the listeners. In the present state of our know- 
ledge it is not possible to say whether time-difference is the 
only factor of importance, or what are the advantages — ^if any — 
of the Goerz method of introducing loudness differences. 
Nor is it known what part is played by changes in quality. 
The experiments already mentioned demonstrate that locali- 
sation can be made from time-differences ; they do not demon- 
strate that time-difference is the only factor relied on in the 

* The exponential locator is made by the Speny Gyroscope Co. Photo- 
graphs have appeared recently in the daily mess. Ibere is a description and 
a gnod photo^ph in the Coast Artillory Joumaf for November-December 
X931. See also P. R. Bassett, Coast ArtiUory Jourtial, 75 , 200 (llay-June 
* 932 ). 

* A photograph of the telesitemetie has appeared in the IttusiraM 
Ltmioa Ntws and is reproduced in the Seiantific Ammean for December 1930. 
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use of sound-locators and in everyday life. It is, in fact, 
probable that localisation in everyday life is made largely by 
means of extra-auditory clues. An admirable account of the 
factors affecting binaural localisation with some referent to 
the possible effect of depriving a listener of extra-auditory 
dues has recently been given by H. Banister.* It seems 
possible that although a sound-locator can be made with time- 
mfference alone as a basis, yet better results may be obtained 
when additional dues, such as those provided by differences in 
loudness and quality, are presented to the listener. 

It was remarked at the beginning of this artide that the 
second part of the problem of sound-location was the deduction 
of the present line of sight to an aircraft from observation on 
the line of sound. This is a relatively simple 
problem if acoustical refraction effects are 
Ignored and the track of the aircraft is 
supposed to be straight and at constant 
height. The line of sound at any instant is 
of course a past line of sight and all past 
lines of sight will be in a plane which is, in 
fact, the plane containing the track of the 
aircraft and the point of observation. Thus 
in Fig. 8 let O be the position of the sound- 
locator and OTi OT, two successive lines of 
sound. The triangle OT,T, lies in the plwe 
containing track and point of observation 
^ and the intersection of this plane with a 

fitomUae^Sou^' horizontal plane gives the course of the 
aircraft. Let t seconds be the time taken 
by the sound to travel from T, to O, then OTt — at, and if 
V is the velocity of the aircraft along its track its position 
at the instant the sound is received at O is at T* such that 
TfT, — vt, so that TtT,/OT, «■ via. Since the directions of 
OTt and T|Tt are known, the direction of the line of sight OTt 
can be determined, if v is known. In practice it is usual to rely 
on an estimated or guessed value for v. 

A very elegant and simple device for applying the lag-of- 
sound correction to a sound-locator was designed in the A. A. 
Experimental Section. The device was called a " ringsight ” 
and the theory of its working can be explained by reference 
to Fig. 9. Let O represent the position of the sound-locator 
and let Ti be some point on the line of sound to the aircraft. 
Let the length of OTi be / and with centre Ti dbraw a circle of 
radius r in a horizontal plane and let rjl - vja. Then the line 
of sight from 0 to the aircraft will always pass tlffough some 

* “ The Basie of Sound-Localisatiott/' Phy$. Soe. IH$etutUn on AuUkom, 
p. X04 
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point on the rin«. Also as the aircraft moves along its track 
the ring as a whole will move on a parallel course and it is 
easily seen that the line of sight to the aircraft will be from O 
through a point on the front edge of the aircraft, judged from 
the diction in which the rii^ is moving. The ringsight itself 
consisted of a bead backsight and a ring foresight, the latter 
balanced horizontally by means of small weights. The whole 
sight was mounted ngidly on the sound-locator stand in such a 
way that the line from the backsight to the centre of the ring 
was always parallel to the line of sound found by the locator. 
The ringsight can be seen on the locator shown in Fig. 3. An 
observer looks at the ring over the backsight and notices 
the direction in which the ring moves 
as the locator follows the aircraft ; ~ 

he then selects the leading edge of 
the ring and a line from the bacl^ight j 

to the leading edge gives him the ' / 

line of sight to the aircraft. The / / 

ratio r\l can be varied, to correspond / /* 

with different estimated values of v, I / 
by increasing or decreasing the / / 
distance from the backsight to the ,/ 
centre of the ring. J 

It is curious that the development J ’ 
of sound-locators appears to have pio. ^.-Theoty of Ring- 
taken place solely for military pur- .i gh» 

poses. In view of the difficulty 

of navigating ships in fog (even with the assistance obtain- 
able from wireless) it might reasonably have been expected 
that some development of the sound-locator for navigational 
purposes might have occurred. Perhaps the lack of con- 
fidence, frequently expressed by mariners, in the directions 
found by sound in fog may be partly responsible. For 
example, a writer in a recent number {of the Nautical 
Magaeine (February 1932) sa3rs that “ one of the great 
nerve-straining things about fog and the signals given by ships 
is that it b almost impossible to tell from what point of the 
compass a sound b coming." But another writer in the same 
number of this periodical describes how ships were habitually 
navigated up narrow water-ways by timing the echoes of the 
ship’s fog-siren from the left and nght banks of the channel. 
So that there seem to be at least two opinions on the value of 
directions found by sound in fog. It is difficult to believe that 
a properly designed sound-locator would fail to give accurately 
tat directions of sound-signals in fog. 
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I. Introduction 

Natural decomposition is essentially a microbiological process, 
and one which, when occurring in soil, may profoundly affect 
its fertility. The micro-organic population of the soil is a com- 
plicated and competitive society of manjjr individuals separable 
both morphologically and functionally into several fairly well 
defined groups. The balance between the groups and between 
the individuals of each ^oup is determined by the supply of 
nutrients and the prevailing environmental conditions. It is 
true that the somewhat unsatisfactory counting methods em- 
ployed at present demonstrate that the members of organisms 
of different groups fluctuate in an astounding and apparently 
quite capricious way from day to day, and even from hour to 
hour, but in this connection it must be remembered that plate 
counts and metabolic activity in the soil are not wholly synony- 
mous. The sum total of the activities of all these groups, or 
better, the “ biolo^cal balance ” of the whole, is not a wildly 
fluctuating expression, but one whose change is gradual. In- 
deed, the direction of the change may be foretold if certain con- 
ditioning factors are known. Furthermore, the biological 
balance largely determines soil fertility, for, in so far as sub- 
stances of nutritional importance to the plant are concerned, 
fertility depends not on gross quantity but on availability. 

It IS chiefly in the case of tlut paramount element, nitrogen, 
that the biolo^cal balance manifests itself, for wmle higher 
plants are designed to utilise nitrogen as nitrate, and possibly 
also as ammonia, very many of the soil micro-orgasms, on the 

470 



DECOMPOSITION OF PLANT MATERIALS 471 

other hand, are readiljr able to utilise organic nitrogen or even 
prefo: it. If the conditions are such that microbial growth is 
favoured, there may be an almost complete absence of inorganic 
nitrogen in that soil. The inorganic nitrogen will have been 
transformed to microbial protein, thereby being temporarily 
immobilised. As a consequence, a condition of nitrogen starva- 
tion for higher plants may result. In the competition for 
nitrogen, it would appear therefore as though the scales were 
loaded on the side of the micro-organic population of the soil. 
Though this is undeniably the case, the normal soil conditions 
of arable land are such that the nitrogen is not held permanently 
by micro-organisms, but liberated progressively as nitrate by 
the process of ammonification and subsequent nitrifioation, the 
rate of this liberation being determined by prevailing conditions. 
It will, however, not commence until there is an excess of nitro- 
gen above the microbial requirements. The decisive factor in 
determining whether or not the soil nitrogen will appear in an 
inorganic or plant available form is the supply of energy 
material for the soil micro-organisms. In other words, the 
availability and amount of the carbonaceous material in the soil 
by controlling the microbiological balance determines the quan- 
tity of nitrogen utilisable by the plant. 

The decomposition of organic material, such as plant and 
animal residues, in the soil is therefore of vital importance in 
soil economy, and forms also the katabolic links in the endless 
clmin of carbon transformations in nature. Textbooks on 
microbiolo^ frequently show very involved and artificial 
diagrams designed to represent the carbon and nitrogen cycles 
in nature, but inasmuch as these two are commonly treated in 
separate chapters, the absolute interdependence of them is 
insufficiently stressed or even overlooked. This review deals 
mainly with the fundamental chemical aspects of these related 
processes, the assimilation of carbonaceous material in the 
decomposition of plant materials, and the accompanying im- 
mobilisation of nitroeen. The work described has been carried 
out largely outside of the soil, though employing soil organisms 
both as a general soil flora, and in pure culture. There is no 
reason to suppose that the route of such processes outside the 
soil is different from those obtaining within it, though the rate 
is undoubtedly affected, and in general increased markedly. 

Since the decomposition of plant materials is a micro- 
biological process it is conditioned by precisely the same funda- 
mental factors as are ordinarily described for the growth and 
development of heterotrophic micro-organisms. Carbohydrate 
material is necessary as an energy source, nitrc^enous material 
and inorganic salts for structural purposes ; these together with 
water, oxygen, and a suitable temperature determine the extent 
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and rate of growth of the organisms, and therefore of the de> 
composition of the plant tissue. 

II. General — the Composition of Mature Plant 
Materials 

Plant tissues are, of course, built up of a number of wn- 
stituents which are found to va^ considerably in availability 
to micro-organisms, and which, in consequence, decompose at 
very different rates. Furthermore it must not be forgotten that 
certain constituents, though as individuals fully available to 
attack and assimilation, may be rendered unavailable either 
wholly or in part by virtue of their structural position, being 
rendered inaccessible by a barrier or protective layer of a more 
resistant constituent. Even if the precise availabilities of each 
separate plant constituent to a particular microflora were 
accurately known, absolute prediction of the extent of decom- 
position of the whole under given conditions would be impos- 
sible, because of this unknown and quantitatively indetermin- 
able variable, namely, the structural arrangement of the con- 
stituents. Two or more plant materials which give similar 
analytical ^;ures for the content of various constituents may 
decompose at widely different rates, and to a very different 
degree, because of these mechanical differences in structure. 
On the other hand, it is usual that tissues of similar nature 
though of different source are constructed in much the same 
general way, so that comparisons can be made ; the importance 
of this mechanical factor must therefore not be overstressed. 

Decomposition in the case of mature plant materials is 
neither very obvious nor very appreciable umess the structural 
constituents of the tissue are attacked. There are four main 
structural substances common to all plant materials, and together 
comprise 6o to 90 per cent, of the mature plant. These are 
cellulose, the hemicelluloses (polyuronides), lignin, and the 
polysaccharide intimately associated with the cellulose.* While 
them is no need to linger here on the nature of either cellulose 
or lignin, it may be worth while briefly to ccmsider that class of 
substances known as hemicelluloses, and also the nature of the 
polysaccharide associated with the cellulose. 

The hemicelluloses are polysaccharides built up of mixed 
monose units, in contrast to such substances as starch or cellu- 
lose, which contain but one basal monosaccharide. The units 
usually found in hemicelluloses do not of necessity belong to 
only one series, but may be hexoses, or pentoses, or a membtf of 
that class of reducing hexosecarbosylic acids known as “ uronic 

V'* The name "oellaloBan" has recently been soggested for this grouih^ 
Hawley and Norman (1933). 
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acids " and represented commonly by glucuronic and galact- 
uronic acids. The hexoses which occur frequently are galactose, 
glucose, and mannose, and the pentoses are xylose and arabinose. 
Usually a hexose, a pentose, and a uronic acid are all present, 
though sometimes only two of these groups may be found. 
The recogmtion of the widespread distribution of the uronic 
acids in this class of substances is a quite recent development, 
and many of the preparations of “ xylans," of “ arabans,” and 
" g^lactoarabans ” described in earlier literature have been 
found on re-examination to contain uronic acid also. The term 
" polyuronide ” has been suggested by Candlin and Schryver 
<^1928) for such polysaccharides containing uronic acids, and it 
is to be preferred to the older term of hemicellulose due to 
Schultze (1892), since this is unfortunate in suggesting ^uite 
erroneously some close relationship to cellulose. In addition 
to their structural heterogeneity, the polyuronides appear to 
vary considerably in composition, and preparations from 
separate samples of the same plant material often contain quite 
different amounts of the same constituent units. Furthermore, 
it should be mentioned that not one but several preparations 
may usually be obtained from any one source, and that these 
preparations differ not only in physical properties but also in 
composition. An example of such a separation may be seen 
m papers by Preece (1930) and Norris and Preece (1930) on the 
hemicelluloses of corn cobs and wheat bran. While it is pos- 
sible accurately to determine the pentose and the uronic con- 
stituents, the hi xose constituents cannot be so readily estimated. 
Hydrolysis methods as proposed by some workers are unreliable 
and erratic if uronic acids are present, because of their instability 
towards ordinary hydrolysing agents. As a result of these 
difficulties and those due to the structural variability of the 
hemicelluloses, their evaluation in any plant material presents 
serious complications, which have not yet been satisfactorily 
overcome. 

The presence of the polysaccharide associated with the 
cellulose may be demonstrated by carrying out a cellulose 
estimation by the chlorination method originally proposed by 
Cross and Bevan. The resulting product consists of “ cellulose ” 
in the rigid chemical sense together with the associated poly- 
saccharide, which, in general, is found to be built up of anhydro- 
pentose units. In soft woods and some mature plant materials 
a hexosan, often mannan, is found. Norman (1929) has shown 
that in oat and rye straws this polysaccharide is a xylan, and 
Hampton, Haworth, and Hirst (1929) have proved the same 
substance to be present in esparto cellulose. In view of the 
extreme resistance of this xylan to extraction, it seems probable 
that during development it is laid down in the closest physical 
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association with the cellulose. Furthennore, the steric simi- 
larity between the glucose units as arranged in the cellulose 
molecule, and the xylose units of the xylan, suggest that this poly- 
saccharide and cellulose may be formed by the same mechanism. 
Indirect evidence of their similarity in steric arrangement is 
afforded by the fact that X-ray diagrams from celluloses, which 
must have contained xylan in vanous quantities, are not dis- 
similar from those of pure cotton cellulose, and show no trace 
of a substance with a different identity period. Actually in 
decomposition studies there is no particular reason why the 
associated polysaccharide should be considered apart from the 
cellulose ; in Cross's and Bevan’s interpretation of “ cellulose ” 
it would rank as such. It is commonly found that the removal 
of each occurs in parallel, it being obvious that if the cellulose 
is unattacked only that small portion of the polysaccharide 
which is superficial to it can be assimilated. The importance of 
having a knowledge of the quantity of associated polyTsaccharide 
present lies in the determination of the pentose units of the 
hemicelluloses, which is given only by the difference between 
the total pentose and the pentose in the Cross and Bevan 
cellulose preparation, a correction being applied for the uronic 
adds present (Norman, 1929). 


III. Decomposition — the Assimilation of Energy 
Materials 

Hebert (1892) examined the order of decomposition of the 
various constituents of straw, and found the so-called “ vascu- 
lose ” (lignin) to be the most resistant. Dvorak (1912) pointed 
out that young plants decompose more readily than mature or 
senescent plants, and ascribed the difference in rate to the higher 
content of resistant lignocellulose in the latter. In this con- 
nection, however, it should not be forgotten that there are other, 
and more important, differences, particularly in the amount of 
the nitrog;enous substances present. Christie (1916) studied the 
decomposition of kelp in the soil and compared it with that of 
alfalfa and straw, showing that in all cases the “ pentosans ” 
suffered a loss of 75 to 80 per cent. Schmidt, Peterson, and 
Fred (1923) determined the percentage losses of the “ jien- 
tosans ” of corn stalks and rye straw undergoing decomposition 
in comparable circumstances, and found that while the former 
lost so per cent, in 100 days, the latter lost only 35 per cent, in 
300 days. In their work on the decomposition of straw and 
the production of artificial manure from vegetable materials, 
Hutchinson and Richards (1921) recognised that available 
nitrogen is essential and in the case of several materials deter- 
mined the amount necessary for a satisfactory rot under aerobic 
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conditions. They went further, however, and in their patent 
for the making of artificial manure (Adco) (Richards and 
Hutchinson, 1924) attempted to account for the decom- 
posability of plant materials in terms of the constituent sub- 
stances. They claimed that materials “ which contain an 
adequate total quantity of carbohydrate (for example, 30 per 
cent, and upwards) such as starch or pentosans, and preferably 
not too high a proportion of lignocelluloses,” were capable of 
undergoing satisfactory decomposition. Starkey (1924) in- 
vestigated the relative rates of decomposition of a number of 
plant materials, but arrived at the conclusion that nitrogen 
was not a limiting factor. Waksman et al (1926, i, ii, iii) in 
investigating the origin and nature of the humus material of 
soils determined the losses of various plant constituents during 
decomposition and arrived at the conclusion that lignin, being 
relatively resistant to microbial attack, contributes largely, 
though not exclusively, to the humus fraction. They showed 
that both hemicelluloses and cellulose suffered heavy losses. 
Rege (1927) put forward a theory of decomposition based on 
analyses of rice straw made at frequent intervals during rotting. 
He observed a very rapid early loss of “ pentosans ” (or hemi- 
celluloses, of which, however, he only estimated the pentose 
units) followed by a heavy loss of cellulose, and confirmed the 
opinion of Waksman and other workers that lignin is very 
resistant. He connected these two groups — “ pentosans ” and 
lignin — ^and stated that by determining the content of these in 
any material it is possible to predict its decomposability. If the 
ratio of the food or ener^ factor, as he termed the “ pentosans," 
to the inhibitory factor, lignin, is greater than unity, the material 
is easily decomposed, or if less than 0*5 it is very resistant. To 
the " pentosans,” therefore, he ascribed a pre-eminent position 
in determining decomposability. It is curious that in defining 
the energy factor, this worker should have ignored the very 
heavy loss of cellulose which is always observed in such decom- 
positions and which is clearly demonstrated by his own results. 
Waksman and Tenney (1927, i) developed certain methods for 
the analysis of plant materials and employed these, together 
with the modifications later published by Waksman and 
Stevens (1930) in a very detailed investigation of many phases 
of decomposition. The methods suggested are designated by 
these workers as " proximate,'* and in some cases the results 
obtained by the use of them are decidedly difficult to interpret 
in terms of any particular plant constituent or group. It is in 
the case of the two structural constituents, cellulose and the 
hemicelluloses, that their methods are the least satisfactory. 
The theoretical objections to them have recently been given Iw 
Hawley and Norman ( 1 932). Nevertheless, the ^ures obtained, 
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if not absolute, are of comparative value, and from them many 
important conclusions have been dravm. Waksman studied 
the decomposition of many types of materials, both aerobically 
and anaerobically and has investigated the nature and forma- 
tion of peats. The following citations include the more import- 
ant of the papers by Waksman and his co-workers on these 
subjects : Waksman and Tenney (1927, ii) (1928), Tenney and 
Waksman (1929) (1930), Waksman (1931), Waksman and 
Gerretsen (1931) ; while in addition this worker has been 
responsible for a number of summary articles in various journals, 
which need not be mentioned here. 

In the work to be discussed herein, attention was directed 
mainly to the four chief structural constituents of plant 
materials. The theory of decomposition proposed by Rege 
(1927) was re-examined, with the result that the “ pentosans ” 
were deposed from the position of importance in which he had 
placed them. It was necessary first to develop a method for 
the precise evaluation of the pentose and uronic groups of the 
hemicelluloses, since, owing to their heterogeneity, it is difficult 
accurately to determine the complete molecule. This involved 
also the estimation of the polysaccharide associated with the 
cellulose, which itself was obtained by the well-tried chlorina- 
tion method of Cross and Bevan. This is far more satisfactory 
in practice than the cuprammonium method proposed for plant 
materials by Charpentier (1921). Lignin was determined by 
the 72 per cent, sulphuric acid method of Ost and Wilkening 
(1910) as modified by Schwalbe (1925). This method is not 
wholly satisfactory but is in very general use, particularly 
among wood chemists. 

These various analyses were applied, at frequent intervals 
during decomposition, to a number of materials, particular 
attention being paid to the role of the furfuraldehyde-yielding 
constituents (pentose and uronic units). The sequence of 
changes observed to take place under aerobic conditions and 
by the agency of a mixed-soil flora is indicated diagrammatically 
in Fig. I below, and may be briefly stated as follows. Of the 
four main structural constituents, the hemicelluloses are the 
first to be attacked, and these are observed to suffer a heavy 
loss during the first few days of active decomposition. In the 
case of straws more than 50 per cent, of the original hemi- 
cellulose material may be removed during the first week. Sub- 
sequent to this their decomposition is slow but steady, till in 
material completely rotted only very small quantities of these 
substances remain. It is doubtful whether such residual traces 
are fraraaents of the original, or microbially formed products. 
The cellulose seems to be decomposed but slowly in the first 
few days, but the rate of attack becomes more and more rapid 
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must be treated on the same plane as the other available con- 
stituents, save possibly in the opening stages. Lignin, being 
relatively unavailable to ordinary soil oiganisxns, forms a 
physical barrier to their attack, and, as a loose generalisation, 
plant materials may be said to decompose to an extent which 
varies inversely with the lignin content. The ratio of available 
carbonaceous material, %.e. hcmicelluloses + Cross and Sevan 
cellulose fraction, to li^in gives a better measure of the 
probability of decomposition of any material. 

The rapid early fermentation of the hcmicelluloses which 
takes place may be ascribed to two causes. Firstly, the hemi- 

celluloses are apparently encrusting 
substances on the cell wall which 
would have to be removed in part 
before the cellulose could suffer any 
loss. The fact that in extremely 
far-rotted materials only traces of 
hemicclluloscs can be found provides 
additional evidence for the view that 
their distribution in the cell wall is 
such that, unlike cellulose, they are 
completely open to attack. Secondly, 
the hcmicelluloses provide a more 
easily available source of energy 
than does cellulose, and together 
with the soluble constituents, such 
as starches and sugars, pave the way 
for a general attack on the cellulose 
by promoting the rapid and active 
growth of organisms in the early 
stages. The hemicellulose component 
of any plant material is far from 
homogeneous. It is usually possible 
by physical means to separate several fractions, containing 
even different sugar units, but apparently similar in linkage 
and stability. It is quite unjustifiable to regard them as all 
of e^ual biological value. Their availability no doubt varies 
considerably, and there is the interesting possibility that certain 
groups might be preferentially removed, leaving new inter- 
mediate residues. Long-period fermentations do not seem to 
show the ultimate accumulation of any more resistant hemi- 
cellulose groupings, but it would be interesting in this connection 
to examine the individual Inactions obtainable from straw which 
had undoTgone fermentation for a few days only, up to the end 
of the period of maximum initial loss of hemicelluloses. 

There is some controversy as to the extent of the decomposi- 
tion of lignin by general and soil micro-organisms. It is known 
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Fig. 2. — Approximate change 
in structural constituents of 
Oat straw during 2 \ months 
decomposition. 
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that certain special wood-destroying fun^ (e.g. MgruUus, 
Polypoms, Ttametts) are capable of attacking and removing 
some lignin from wood, but in the case of general soil organisms 
the consensus of opinion is that lignin is decomposed only to a 
very limited extent. Two recent papers have, however, sup- 
ported a rather different view. Waksman and Gerretsen (1931), 
contrary to earlier published work by the first-named, found 
that the lignin of straw is considerably attacked, and that its 
removal is especially influenced by temperature. At 37“ C. 
over 30 per cent, of the lignin was removed in three and a half 
months and 50 to 60 per cent, in nine months, while at 7® C. the 
loss was slight. Phillips, Wiehe, and Smith (1930) similarly 
determined the lignin contents of a number of plant materials 
before and after decomposition and concluded that lignin was 
very readily decomposed. In several cases cited by them 40 to 
50 per cent, of the lignin was removed in a relatively short 
period, a higher percentage loss than that sustained by the 
cellulose in the same time 1 However, the erratic nature of 
certain of the analyses given by these workers indicates that 
their results must be accepted with some reserve. Lignin 
estimations are deceptively difficult to carry out, and unsatis- 
factory at best. Being of such an inert character, direct 
estimation of lignin is impossible, and an " exclusive ” method 
has to be adopted, based on its resistance to very strong acids. 
It is certain that the lignin is changed in some way by such a 
treatment, since the final product differs in methyl and acetyl 
content. The fineness of grinding of the plant tissue is of very 
considerable importance. To obtain consistent results the 
particle size should be uniform, both in the original samples and 
those taken after decomposition. A more direct method of 
estimation would be of great service in clearing up this disputed 
situation — ^perhaps some development of the new glycol method 
proposed by Hibbert and Rowley (1930) may prove serviceable. 
In general, the present evidence points to the relative un- 
availability of lignin during the active phases of the decompo- 
sition of a plant material, followed by an apparent slow 
degradation as the decomposition is prolonged. 


IV. Synthesis — ^the Elaboration of Microbial Tissue 

As emphasised previously, the decomposition of plant 
materials is essentially the assimilation by micro-organisms of 
certain of the constituents. The carbonaceous materials are 
employed chiefly as a source of energy, but to a small extent for 
structural purposes also. A rapid and extensive rot implies the 
development of an immense number of organisms for the growth 
of which an adequate supply of available nitrogen is essential 
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for conversion to microbial protein. If the nitrogen be supplied 
in an inorganic form, for example, as ammonium carbonate, the 
rate of its conversion or '* immobilisation ” is a measure of the 
rate of development of the organisms. Fungi may contain 
from 2 to 8 per cent, nitrogen, 4 to 6 per cent, being the amount 
generally found. The nitr<^n contents of bactena have been 
I^s widely determined, but the figures in general are higher than 
in the case of fungi and may even be as mgh as lo per cent. If 
too Uttle nitrogen is present, the active flora will be restricted in 
its development and the time taken for a given percentage 
decomposition will therefore be much increased. It is important 
to emphasise that a shortage of nitrogen has its effect on the 
rate of decomposition rather than the extent, and that ulti- 
mately the plant materials concerned will probably undergo 
similar losses. Under natural conditions the nitrogen supply 
is frequently a limiting factor. Any particular plant material 
decomposing in the presence of an excess of nitrogen is capable of 
causing the immobilisation of a certain and definite quantity 
as microbial protein. Hutchinson and Richards (1921) were 
the first to recognise the quantitative importance of nitrogen 
in decomposition. They determined the amount immobilised 
by a number of materials. For common straws, of low nitrogen 
content, they found an additional amount of 07-0'8 g. N. per 
100 g. original material to be necessary. This quantity they 
termed the “ nitrogen factor.” It may be rigidly defined as 
that additional amount of inorganic nitrogen converted to the 
organic form by 100 g. of any material undergoing decomposition. 
The following diagram taken from Rege (1927) shows how the 
” nitrogen factor ” changes as decomposition proceeds. It is 
seen that the most rapid period of conversion of inorganic 
nitrogen to organic, or in other words the period of most rapid 
development of microbial tissue, is in the first few days, just 
prior to the period when the rice straw in question suffered its 
heaviest loss. 

In decomposition studies it is practically alwa3rs found that 
the losses of the various constituents, cellulose, hemicelluloses, 
etc., together amount to more than the apparent total loss of 
organic matter. It will be readily seen that this apparent dis- 
crepancy is accounted for by the microbial tissue synthesised. 
It is possible to form some estimate of the amount elaborated 
from the “ nitrogen factor ” figures. In the example given 
above, 100 g. of rice straw is reduced to SS g. at the end of forty 
days, and 0*9 g. of N. has been immobilised. In the completely 
rotted material therefore, ignoring the original plant protein, 
there would be i'64 per cent. N. present as microbial protein. 
If it be asstuned tl^t mixed microbial tissue contains 5 per 
cent. N., this will indicate about 30 per cent, of the rotted 
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material as microbial tissue. In {Mint of fact, it is not usually 
so high as this, and 20 per cent, is a more normal figure. It 
must not be supposed that inorganic nitrogen once converted 
to the organic form as microbial protein is stable as such. It 
is of necessity so only as long as the organisms are active. In 
normal decompositions there is undoubtedly a sequence of 
active forms, and there is little doubt but that nitrogen converted 
to microbial protein by one organism may subsequently be 
utilised by another. The “ nitrogen factor ” of a material in 
an incomplete stage of decomposition is frequently higher than 



later, when a condition of stability has been attained and all 
readily available constituents have been removed. The fall in 
" nitrogen factor ” which occurs in such cases is due to the 
ammonification, or as it is termed by Jensen (1929) the " minera- 
lisation,” of a portion of the synthesised protein. In the 
example given above it will be seen that the “ nitrogen factor ” 
at the end of twenty-four days was 102 as opposed to 0*9 at 
the end of forty days, and that protein containing 0-12 g. N. on 
a basis of 100 g. of original straw has been decomposed and the 
nitrogen liberated. The " nitrogen factor ” represents there- 
fore only the equilibrium between immobilisation on the one 
hand and ammonification on the other, and does not necessarily 
represent the whole of the nitrogen actively involved in decom- 
position. 

An investigation was recently made by Richards and 
Norman (1931} to determine the relationship, if any, between 
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the chemical compcmtion of plant matmals and the quantity 
of inoi]ganic nitro|;en immobilised during decomposition. 
Though they found it possible to indicate approximately what 
the “ nitrogen factor "is likely to be, knowing the g^eneral com- 
position of the material, they were unable to discover any 
absolute basis for prediction. Two variables exist which it is 
impossible to estimate. In the first place structural and 
pl^sical differences between plant tissues must considerably 
influence biological availability, but cannot be assessed by 
chemical means. In the second place, it is not possible to 
follow entirely the changes of nitrogen in decomposition, but only 
those affecting the added inorganic nitrogen. This may or 
may not be the whole picture. It is impossible to learn whether 
the natural proteins of the plant tissue are also utilised. If 
they are, then the total nitrogen " active ” as microbial tissue 
would be in excess of the “ nitrogen factor,” and the latter is 
merely the difference between the total nitrogen requirement of 
that plant tissue in decomposition and the amount liberated 
and utilised from the plant proteins. Plant materials already 
containing sufficient or more than sufficient nitrogen for decom- 
position may nevertheless temporarily immobilise an additional 
amount owing to preferential utilisation of the inorganic form. 

By following the immobilisation of added available nitrogen 
it is possible, as has been shown, to obtain some information on 
the rate of development of microbial tissue. But the “ nitrogen 
factor ” is an expression which bears no reference to the 
efficiency of the flora present in decomposing the plant material. 
If, however, the nitrogen requirements are recalculated on the 
basis of the apparent organic matter removed, a new expression 
is obtained wmch is some measure of the activity or efficiency 
in decomposition of the organisms present. The term ” struc- 
tural nitrogen equivalent ” or " nitrogen equivalent ” has been 
suggested for this factor (Norman, 1931, i). It may be defined 
as the nitrogen immobilised in the removal of 100 g. of organic 
matter from any material. Like the ” nitrogen factor,” it is a 
summation of the microbial activities and is apparent rather 
than absolute. Its chief value lies in the comparison of the 
activities of pure cultures of organisms, or of a given mixed 
flora under different environmental conditions. As an example 
of its use in the case of a mixed flora, the figures have been 
calculated for Rege’s data on the decomposition of rice straw, 
and are shown in Fig. 3. The final value for the nitros^ 
equivalent in this experiment is i *9, a figure somewhat higher 
than that usually obtained. A plant material of low nitrogen 
content, suffering a 50 per cent, decomposition and giving a 
" nitrogen factor " of 0*75, would have a final " nitrogen 
equivalent " of i>s. 



DECOMPOSITION OF PLANT MATERIALS 483 
V. Biological. Factors 

Since this review is primarily concerned with the chemical 
aspects of decomposition it is not proposed to treat at length 
the biological factors. The normal population of the soil is a 
heterogeneous community, the individuals of which are com- 
peting for available nutrients. In the presence of an ample 
supply of organic matter, multiplication is intense, and the 
resultant of the activities of the community is the decomposition 
of the material. Bacteria were originally held to be the organ- 
isms chiefly responsible for these changes, but more recently the 
importance of other heterotrophic groups has been recognised. 
Scales (1915) demonstrated the ability of many fungi to decom- 
pose cellulose, and some writers, such as Daszewska (1913) and 
especially Waksman (1924), have suggested that fungi are mainly 
responsible for the decomposition of plant materials in the soil. 
Many actinomycetes, too, have been demonstrated to be cellu- 
lose-decomposers, and, as they are common members of the soil 
microflora, an important place has been assigned to them by 
several workers (Waksman and Curtis, 1918). The addition of 
plant materials to the soil is accompanied under normal con- 
ditions by a tremendous development of both fungi and 
actinomycetes. 

Pure cultural studies which have recently been made by 
Waksman (1931) and Norman (1931, i) on the decomposition 
of cellulosic materials by individual organisms have emphasised 
the omnivorous nature of the fungi and actinomycetes. The 
members of these groups which have been studied seem very 
similar in their activities and in their power of utilising the 
various straw constituents, varying only in the extent of decom- 
position effected. No organism has, however, been found which 
can bring atout a decomposition as rapidly or as extensively as 
a mixed soil flora. It is much to be revetted that the many 
mesophilic cellulose-decomposing bacteria which have been 
isolated have not more frequently been tested for their ability 
to decompose natural cellulosic material, as opposed to pure 
cellulose. In the few cases in which this has been done the 
bacteria have been found to be relatively inactive. Bacteria 
in general seem to be more specialised in their nutritive require- 
ments than are the fungi. In a normal mixed-flora-decomposi- 
tion there is undoubtedly a seijuence of active forms ; the fungi, 
because of the rapidity of their development in the presence of 
any easily available organic matter, are probably most important 
in the opening stages but seem to decrease in activity and im- 
portance as the fermentation proceeds, and bacteria and 
actinomycetes then become the predominant forms. 

A discussion of the relative importance of these groups is not 
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merely of academic interest, but of practical significance, since 
a modification of environmental conditions may favour one 
type as against another and so alter the course of the decom* 
position. For example, under waterlogged and partially 
anaerobic conditions the activities of fungi and actinomycetes 
may be suppressed, and bacteria alone become mainly respon- 
sible for the changes which take place. This is well illustrated 
by the work of W^ksman 093 °) o" microbiological genesis 
of peats. Changes in moisture content may alter the balance, 
the actinomycetes being less affected than the bacteria by water 
shortage. The reaction of the medium too is of importance, 
acid conditions favouring fungal development and tending to 
suppress the activities of actinomycetes and bacteria. Small 
vanations in reaction, however, have little effect on the ultimate 
result of the decomposition processes. The route and rate of 
the process may be altered a little but the residues appear to be 
practically identical (Norman, 1931, ii). The natural decom- 
position of plant tissues should probably be viewed as a co- 
operative decomposition of a high order of efficiency. Bacteria 
and fungi working together are in general peculiarly efficient. 
No fungi nor mixture of bacteria alone seem to be capable of 
effecting such an extensive decomposition as a mixed flora con- 
taining both, probably because the cycles of metabolism of 
these two groups, as indicated by their different efficiencies in 
the utilisation of energy materials, are of a different order. 
There is a need for further experimental work on the effects of 
the association of one type or organism with another in this 
type of fermentation. 

VI. Summary 

The natural decomposition of plant materials, whether in 
soil or alone, is a microbiological process in which the car- 
bonaceous constituents of the tissue are utilised by organisms 
for their growth and development. The various constituents 
of plant material vary in availability, and accordingly the extent 
of decomposition depends on the composition of the material 
in question. The hemicelluloses and cellulose are readily 
available, the former being removed early in the decomposition 
process, while lignin is almost unavailable and appears j»ro- 
portionately to accumulate as rotting proceeds. The elabora- 
tion of microbial tissue calls for the presence of a considerable 
quantity of nitrogen in an available form. This nitrogen is 
transformed to microbial {u-otein. Both phosphate and potash, 
and other inorganic ions, are similarly immobilised during this 
process, but the quantities necessary are small compared with 
the requirements of nitrogen. In the soil the nitrogen and 
inorganic ions thus withdrawn are temporarily unavailable to 
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higher plants, though they may subsequently be liberated when 
the supply of carbonaceous material is exhausted. The amount 
of organic matter present, and its availability, may therefore 
determine the nitrogenous balance of a soil, and its immediate 
fertility towards higher plants. 
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GEORGE EDWARDS, F.R.S. (1694—1773) 

AN EIGHTEENTH-CENTURY NATURALIST 

By T. E. JAMES 

SmiHm CUfk md AuiitMU to ihi Royal Sociaiy of London 

On St. Andrew’s Day in the year 1750 George Edwards, 
library-keeper of the Royal College of Physicians, attended the 
Royal Society’s house in Crane Court, Fleet Street, to receive 
the Copley medal at the hands of Martin Folkes, president of 
the Society. The award was made in recognition of a published 
work in natural history ; and was specified as follows : " On 
account of a very curious Book lately published, intitled A 
Natural History of Birds, containing the figures elegantly drawn 
and illuminated in their proper colours, of 209 different Birds, 
and about 20 very rare quadrupeds, serpents, fishes and 
animals.” 

In continuation parts that were issued, Edwards took the 
opportunity to express and emphasise his gratitude to the 
president and council for the distinguishing mark of favour they 
had been pleased to confer on St. ^drew’s Day.‘ ” It might ” 
(he wrote) ” be deemed an unpardonable omission and neglect 
to forbear to return my humble thanks to the president and 
council, as well as to the other members of that learned and 
useful body, many of whom have, I know, been instrumental 
in procuring me their favour.” Further, he placed upon his 
title pages a finely engraved reproduction of the obverse and 
reverse of the medal, set in a framework of artistic embellish- 
ments. The honour itself was, at the time, unusual in character, 
inasmuch as it related to the issue of a book and not to defined 
philosophical research. As instances in connection, the re- 
cipients of the Copley ^ft, immediately before and after 
Edwards, were John Harnson and John Canton. 

There is mudb in the life of this eighteenth-century naturalist 
to compel attention ; and, as we shall see presently, something 
that is relative to present-day interests. He had a large circle 
of friends and acquaintances amongst the nobility and gentry 
of the kingdom, and he was well known to the men of science 

> The hour of the Anoivenary was then lo a.in. 
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of his period. He enjoyed the friendship of Linnaeus (maybe 
they met), and correspondence between them can be seen in 
at least one of the learned societies of London. A fellow of the 
Royal Society, no fewer than six successive presidents occupied 
the chair whilst he lived. Critics may say that Edwards left the 
determination of genera and species to others. That is true. 
He was, in the main, a painter-copyist, but one of signal and 
outstanding merit. From contemporary records we know that 
to those persons who had a liking for studies akin to his own, he 
was an entertaining and communicative companion. 

An Essex man, George Edwards was bom at Stratford, on 
April 3, 1694. He never married. In boyhood he had the 
pupilage of a clergyman at a school at Leytonstone. Leaving 
there, he took lessons in accounts and general commerce, and 
following this was bound apprentice to a tradesman, remaining 
seven years. In after life, recalling school days, he remarks, 
" in trade there could not be found a Reverend Master, to place 
me with ; I was placed with the son of a Levite, Mr. John Dod, 
of Fenchurch Street, London, an exceeding strict Christian of 
our Established Church, nevertheless a finished scholar in the 
Greek and Latin languages, tho’ a Man in Trade.” Fortunate 
and unlooked-for circumstances at this stage gave Edwards 
access to a library embracing voyages, travels, astronomy, 
experimental philosophy, natural history, and painting. On 
his own word, confused in the head with such a mixture, and 
possessing a small patrimony, he put business aside and set out 
(1716) on a voyage to Holland. It was the beginning of con- 
siderable European travel. In a monograph (1747) he inserts a 
coloured map of Europe — Itinera varia Auctoris,” indicating 
on this by lines and dates his past voyages and his journeys on 
land. In rather caustic vein he tells readers : ” I expect it will 
be asked what Business 1 had, or what I did in these Foreign 
Parts ? Therefore to satisfy the Curiosity of such as think it 
worth their while to read it ; and to save them the trouble of 
asking me any Questions, I shall inform everyone that it was 
meer Curiosity led me abroad, which is commonly termed no 
Business at all.” In 1718 Edwards visited Norway. A quaint 
comment thereon : ” I take this country to be one of the least 
polite, except Lapland,” seems, from the context, to be im- 
personal, and to refer only to barriers of a physical natme. 

Back in England (1721), Edwards resided for the next ten 
years in or near London, devoting himself, with ardour, to the 
portrayal in colour of selected zoological and botanical subjects, 
finding many highly placed patrons, not least amongst these 
Sir Hans Sloane. And Edwards calls to mind examples of his 
art that Imd been inspected either at public academies or at 
private houses, some setting apart particular days, weekly, 
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“ for the assembling of knowing and inquisitive searchers after 
nature.” In all this work we see a steadily growing reputa- 
tion ; moreover, the Natural History of Uncommon Birds in the 
making. 

In 1733 fortune’s wheel brought a new direction for effort. 
Edwards was appointed library-keeper to the Royal College of 
Physicians, and on the recommendation of Sir Hans Sloane. 
The latter was not only president of the College at the time, but 
also president of the Royal Society. Incidentally, it may 
mentioned that the home of the Physicians was then situate in 
Warwick Lane in the City. A stately edifice had replaced the 
quarters destroyed in the Fire, and was opened in 1674. Though 
attributed to Wren, it is probable (as Dr. R. T. Gunther has 
shown) that Robert Hooke had the chief concern in its design 
and erection for the College, Edwards was granted apartments 
in the building, and we note that soon his books are described 
as “ Printed for the author at the College of Physicians in 
Warwick Lane." It was a happy appointment, securing leisure 
and congenial opportunities not otherwise obtainable ; doubt- 
less the far-seeing Sloane had this in mind. 

In 1757 Edwards was elected a fellow of the Royal Society* ; 
thus seven years after he had been made a Copley medallist. 
Earlier (1752) the Society of Antiquaries elected him a 
fellow. 

Foreshadowing now a scheme of publication, Edwards 
announces : 

" I have been collecting for more than twenty years, and 
for a good part of the time employ’d by many curious gentlemen 
in London to draw rare foreign birds as they were possess’d of, 
and never neglected to take draughts of them with their 
permission for my own collection ; and having stored up some 
hundreds, I showed them from time to time to curious gentlemen 
who favour’d me with their visits, and in looking them over 
several of them have told me that there were many amongst 
them that had not been figured or described by any Author, and 
that it would be worth my while to publish them, but I was 
backward in resolving to do it because I knew not so much of 
many of the Birds, as to know from what Country they came 
from, which is very material in Natural History. They 
answered that as I had taken the Draughts from Nature, and 
the like Birds might never be met with again it was better to 
preserve the Figures without knowing their countries, than not 
at aU.” 

The materials for the Natural History of Uncommon Birds 
and Gleanings of Natural History covered, as we have already 
gathered, twenty years of original effort. Published in quarto 
> The Earl of Macdesfield was then P.R.S. 
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fonn and issued in parts to subscribers, volume titles were 
afterwards given. In the^ Gleanings, descriptive letterpress 
occupied parallel columns in Engli^ and French. The first 
completed volume of the Natural History appeared in 1743, and 
the whole series came to a finish in 1764. Together, some 
hundreds of zoological subjects were delineated in colour ; that 
is, in the hues of life. There were various dedications ; ^t to 
the President and fellows of the Royal Gillege of Physicians ; a 
second to Sir Hans Sloane — “ Suffer me " (Edwards writes) 
“ to cast this weak Essay (towards Natural Knowledge) into 
youf boundless Treasury of Nature, that it may be supported 
by your charitable protection, and skreen’d under your 
Illustrious Name from the Malice of Detractors.” 

In prefaces, forewords, and appendices lengthy space is 
given to personal, social, and general matters, of which a good 
deal is extraneous to the purposes of the series. But, however 
that may be, these departures reveal the man, and are acceptable 
reading in spite of vexing alternations of humility and the 
occasional assumption of a belated pomposity. We like him 
the better for the following : “ As I never till very lately had 
any design to appear in Print, I have neglected to study the art 
of writing correctly, and am sensible of the many faults that 
may be found in this Book ; but hope the candid Reader will 
overlook them, since my chief aim was rather to be understood 
than to write correctly.” 

The subjoined specimen of descriptive matter is from the 
Gleanings : 


” La Pompadour 

” This is one of those Birds taken in a French prize by the 
now Earl Ferrers. They were said to be for Madam Pompadour. 
It being a Bird of excessive beauty, I hope that Lady will forgive 
me calling it by that name. It is a native of Cayana, in South 
America.” 

Sir Hans Sloane maintained until the end of his life (he died 
in 1753) an intimate, one might almost say affectionate, rela- 
tionship with Edwards. The naturalist was a regular visitor to 
Chelsea in Sloane 's closing years, canying nevra of the scientific 
world, especially of what was happening weekly at the Royal 
Society’s meetings. And Sloane was insistent upon bearing the 
expense of these journeys from London, whether coach-hire or 
waterage charges. Also, in affairs of c^ritable bounty to old 
associates in need, he relied on inauiries made by Edwards into 
the merits of such petitioners, and would entrust him with the 
means of asristance. 

The Linnean Society of London has recently come into 

32 
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possession (through donation*) of a set of Edwards's works 
which have annotations by a contemporary of Edwards, one 
Henry Seymer, of Hanford, Dorset. In these volumes the 
Limiean name of each subject depicted is hand written by 
Seymer on the plates and in accordance with the Sy sterna Naiurce 
of Linnaeus (12th ed.). Further, in Part II of the Gleanings 
(p. 267) an original colour drawing by Edwards is inserted, on 
wWch is written “ Geo. Edwards, sc«//>st/ et pinxii, May 1760.” 
Added interest attaches to this desirable donation, for at the end 
of the same volume, an etched print of a finch is pasted in, on 
which is written, “ Edwards’s first tryal at Etching, a. n. 1739.” 
We may perhaps assume that Edwards sent this print to 
Seymer in proof of his (lately acquired) ability in the art of 
etching on copper. 

Justly annoyed at the piratical use of his figures, or portions 
of them, that was current practice, Edwards delivered an 
opinion thus : “I have observed that several of our manu- 
facturers that imitate China Ware, several print sellers, and 
printers of linen and cotton cloths, have filled the shops in 
London with images, pictures, and prints, modelled, copied, or 
drawn, and coloured, after the figures in my History of Birds. 
. . . Most of wit, knowledge, and public occurrences, have also 
in their magazines. Mercuries, etc. made free with my figures 
and descriptions of animals to embellish their pamphlets, 
though the figures are generally so miserably lamed and dis- 
torted that the judicious part of the world can form but a mean 
opinion of the work from which they are plunder’d.” 

Recently it has come to light that among the plagiarists 
included in the indictment above were the craftsmen of the 
famous Chelsea Porcelain Factory. This interesting informa- 
tion is due to the researches of Dr. H. Bellamy Gardner, a 
London collector and student of the Chelsea productions. 
Looking for the source of the designs for a tureen and plates of 
Chelsea porcelain, ” painted with Sir Hans Sloane’s flowers,” 
mentioned in a sale catalogue of 1758, he was led to Edwards's 
Natural History of Uncommon Birds, and he found that sixteen 
or more subjects therein formed the origins of certain birds 
in the Ware, reproduced in practically all their brilliancy of 
colouring. In the Transactions of the ” English Porcelain 
Circle ” (1931) a privately printed and ornately illustrated 
issue. Dr. Gardner has given the results of his investigation 
under the title, “ The Chelsea Birds.” However, time has 
mitigated these acts of appropriation, the while posterity re- 
gards such examjjles of the potter’s art as choice and enviable 
possessions. I am indebted to Dr. Gardner for the accompanying 
reproduction of one of the Chelsea examples he traced (Fig. 2). 

• By Major Vivian Se)aner, D.S.O., M.C. 
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Edwards’s descriptive account is appended : 

“The Touraco 

“ This bird is about the bigness of a Magpye or Jay. It is 
very active flurting up its tail, and raising its crest ; it swells its 
throat and utters a hoarse and disaneeable sound. This bird is 
now living at Colonel Lowther's house in St. James’s Park, 
where I have been permitted to make drawings of it.” * 

Yet another runs thus : 

“The Whip-Poor Will, or Lesser-Goat-Sucker 

" In Virginia it is thus called from its cry. . . . They are 
seldom seen in the daytime. The Indians imagine these birds 
are the souls of their Ancestors slaughtered by the English, and 
say that they never appeared in their country before that 
slaughter.” 

The counsel and assistance of certain painters, “ particular 
friends,” had been solicited regarding accessory embellishments. 
In some of the plates where the birds were very small, butterflies, 
wasps and other insects, and flowers were added to fill up naked 
spaces. 

Jealous of his reputation, Edwards resolved not to part with 
any of the prints, uncoloured, whilst he lived, lest they should 
be coloured by unskilful people, which might be a blemish to 
the work by being seen and taken for his colourings. Hence a 
copy carefully and exactly coloured from the original drawings 
was deposited in the library of the College of Physicians to serve 
as a standard of reference. Also, “ I design to lodge this 
History of Birds compleat, and justly coloured, in the library of 
the Royal Society.” 

We may fittingly conclude this general biographical notice 
by reproducing two letters from Edwards to Linnaeus, preserved 
in the Archives of the Linnean Society of London. 

Date, about 1758-9. 

To C. Linneeus. 

“ Sr. 

“ I received your Complyments by Our Good friend Mr. 
Ellis and am very Glad to near you Still persue the Studies of 
Nature in which you are already so far advanced as to Draw 
on you the Eyes of all the Naturalists in Europe, I wish you 
hartely to goe on and prosper. As it will be some Months 
before I can publish a work I have now in hand and knowig 
your thirst for the earlyes in sight of what is going forward 

‘Edwards's charming colour drawing of this bird is the origin of the 
Chelsea Model Ro. 139, in the Schreiber Collection. 
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in natural history, I have herewith sent you 75 prints *■ with a 
ful Confidence that you will make no use of them to My 
disadvantage. I believe before the next winter is Over the 
letter press part will be ready to be delivered with the Setts of 
Prints 1 am now colouring, yet I thought this Smal present of 
black prints might be acseptable to you in the mean time. 

” I am Sr. with the Greatest respect Your 

" Most Humbl and Most Obedient Servant, 

" George Edwards.” 


To Sr. Charles Linrueus, Baronet, 
from his Obliged Humble Servant, 

Geo. Edwards. 

” Sr. 

*' I herewith Deliver to the Obligin Mr. Solander to be 
Conveyed to you a Complect coppy of the letter Press of My 
Gleanings of Natural History, together with 25 black Prints, 
which added unto 75 prints formerly sent to you Makes 100 
Prints which Answer to the hundred Chapters contained in the 
Gleanings of Natural History. I have mso sent such part of 
the Letter impression of the Second part of the Gleanins to 
Compleat which was formerly Deliver’d and payd for by Mr. 
Beirian. I have received the very great favour of your most 
kind and Obliging Epistle by the hands of the highly accom- 

f lished Mr. Solander, who I shal do all in my Power to Oblige. 

wish I were a little younger that I might be the more able to 
answer and return the Obligations of my Friends in many parts, 
but they must excuse the Slowness of old age, becaus it is an 
infirmety of nature. I return you my thanks for all former 
favours and hope for a continuation of your agreeable corre- 
spondance.” 

Lohoon, 

August 1760. 

Writing from the College library on May 1 , 1 769, Edwards 
informed his friends that he had sold and delivered to James 
Robson, bookseller, The Feathers, New Bond Street, all remain- 
ing |X>pies of his natural history works, and everything apper- 
taining thereto. In a humble spirit he offers thanks to the 
nobility, gentry, and others for long-continued favours and 
suppent. ” Sight and steadiness of hand begin to fail me,” he 

* On most of these Linnaeus has binuelf afiixed the Latin names of the 
species. 
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tells us. So the old naturalist-librarian, well content, if we 
judge aright, resigned service with the Collie of Physicians, 
and Warwick Lane knew him no more. His life had been 

E eaceful, unhurried, without hindrance, one thought uppermost, 
ow best to serve natural knowledge from his chosen standpoint. 
Edwards died July 23, 1 773, in the eightieth year of his age, 
and was buried in the churchyard of West Ham. A memorial 
stone chronicled his association with the Royal College of 
Ph)rsicians, recording further, that “ His Natural History of 
Birds will remain a lasting Monument of his Knowledge and 
Ingenuity." 
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REARING MARINE ANIMALS IN A 
PLUNGER JAR 

By marie V. LEBOUR, D.Sc., F.Z.S. 

Naturalist at tha Plymouth Marine Laboratory 

The method of keeping small animals alive in an aquarium 
known as a plunger jar was first introduced by Mr. E. T. Browne, 
the well-known authority on coclenterates, who in 1 897 *■ des- 
cribed the apparatus which was originally devised as a means of 
keeping small jelly-fishes alive in the laboratory. Since then 
it has proved invaluable both for keeping the sea animals alive 
and for rearing the larvae. 

The principle of the plunger jar is to create a movement in 
the water of a small aquarium in order that the live animals in 
it should not remain still, but be stirred up by the currents 
created and kept continually on the move. The aquarium is an 
inverted glass bell jar with its knob placed in a wooden stand 
and filled with sea water taken from some place as far away from 
land as possible to be free from contamination. In this iar 
there moves up and down rhythmically a glass plate, called 
the plunger, fixed to a glass rod (Fig. i ). The rod is tied loosely 
to a wooden beam resting on a pivot like the beam of a balance. 
At the other end of the beam is attached a tin can pierced below 
for a thick cork, the cork itself being perforated to allow the 
long end of a glass siphon with a thick bore to be introduced. 
Into this tin can dribbles water from a fresh-water tap through 
a piece of rubber tubing. The siphon is so arranged that the 
top reaches to about the middle of the can, the aperture of its 
short end near the bottom. The glass plate and tin can balance 
one another at either end of the beam. When the water drib- 
bling into the can reaches the top of the siphon the latter 
empties the can, which rises, and at the same time the plun^ 
fi^s. The plunger plate is so arranged, by the glass rod bemg 
slightly bent, that it is a little oblique, and pierces the surface 
film on the upward stroke, thus preventing organisms from being 

‘ Browne, E. T. : 1897, " On keeping Medusae alive in an Aq uari um/* 
Journal o/ih$ Marine Biological AtsonaHon, (N.S.) vcd. V. p. 176. 
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caught between the plunger and the film and also aerating the 
water to a certain extent. A wooden stop arrests the descent 
of the can when the plunger has reached the desired height. 
This is the original design for the plunger jar which is still in use 
in the Pl^outh Laboratory, but the principle has been further 
extended, and many plungers in separate jars of various sizes 
are worked by an automatic bucket. Thus a large number of 
these plunger jars are available for experiments. 



At first the animals were fed on fresh plankton, and this is 
still used for keeping special species alive, but for rearing larvae 
other methods have been devised. In 1900 Prof. E. W. 
MacBride ^ published a work on the rearing of echinoid larvae. 
These he successfully reared in plunger jars by changing a large 
portion of the water frequently, thus giving the larvae their 
natural food in the sea water itself without specially picking it 
out. The same year Prof. W. Garstang * described the success- 
ful rearir^ of the “ Butterfly Blenny,” Blmnius ocellaris, in 
plunger iars, from the egg through the larval stages. These 
were fed on specially selected plankton which was removed 
frequently and a fresh supply given. The method has proved 
to be on the whole unsuitable to the rearing of fishes, only those 

* MacBride, E. W. : 1900, " Notes on the Rearing of Echinoid Larvae," 
Journal of th$ Marine Biological AssodaHon, (N.S.) vm. VI, p. 95. 

* Garstang, W. : 1900, *' Preliminary Eiqperiments on the Reauing of 
SaarPiah Larvae," Journal of the Marine BMogical Association, (NS.) 
vol Vt, p. 70. 
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spedes which emerge from the egg in a late stage of develop- 
ment having any chance of coming through. The indent 
writer has reared the marine stiddeback Spinachia vulgaris from 
the ^g to a length of about 3 in. in a plui^fer jar. 

The researches of Dr. E. J. Allen and Dr. Allen with Mr. 
E. W. Nelson * in diatom cultures revolutionised the methods of 
rearing larvse in plunger jars, and resulted in pure cultures of 
diatoms being obtained which were ideal for rearing small lai*vas. 
The chief diatoms cultured were Nittschia closieriutn and 
Thaktssiosira gravida (Fig. 2), Niteschia being almost exclusively 




Fio. 2.— A* The Diatom Nitzschia clostmum, 3 qm long. B. Tholassiosira 
gravida, 20fi across. 

used at the present time. An absolutely pure culture of 
Nitzschia is always kept going and subcultures are obtained 
from this. A few drops of the Nitzschia culture are added to the 
water (filtered or not) in the plunger jar, and the diatoms increase 
enormously, usually serving as adequate food during the whole 
larval life where a diatom diet is necessary. The water can be 
left unchanged for months. In this way many animals i^ve 
bwn reared from the egg through their larval life, including 
echinodernK, aimelids, and molluscs. It is even ptossible to 
rear them in London, Prof. MacBride and his pupils having 
been very successful in rearing echinoderms at the Imperial 
College of Science. Besides the many workers on echinoderms 
at the Plymouth Laboratory, including Dr. Mortensen and 
Prof. MacBride, Mr. D. P. Wilson, A^stant Naturalist at 
the Laboratory, has reared successfully several annelids, and the 
present writer has reared the gastropod Nassarius reticUUdus 
from the egg to the crawling stage. 

* Allen, E. J., end Nelson, E. W. : 1910, '* On the Artificial Culture of 
Maxine Planktonic Organisms," Journal of the Manna Biological Assadaiion, 
(N.S.) wt VIII, No. 5. 

Almi, B. J. : 1914 > “ On the Culture of the Plankton Diatom Tkalat' 
aiotira gravida in Artificial Sea Water," ibid., (N.S.) vol. X, No. 3. 
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For rearing the higher Crustacea animal food is neoessarv, 
and for the crabs it was found that very young molluscs, newly 
hatched, or developing echinoderms and annelids a day or two 
old answered the purrose. Larval ojrsters were employed in 
many cases. The En^ish oyster keeps its newly hatched young 
in its gills, where they remain until they have shells and a swim- 
ming organ, the velum. If those oysters are taken which have 
very dark grey gills from being laden with these larvae it is easy 
to pipette the larvae out, and when placed in an aquarium they 
will immediately swim about. Such free-swimming larvae are 
splendid food for the baby crabs. By making fertUisations of 
Echinus and of the annelid Pomaioceros, and using the resulting 
larvae a day or two old, other good foods can be obtained, but 
the crabs do not feed on these so readily as they do on oyster 
larvae. By thus feeding them with oyster larvae several crabs 
were reared from the egg to the last larval stage or to the 
crab stage. 

Three reauing experiments are described below from the 
present writer’s own work. The first is the gastropod Nassarius 
reticulatus (Nassa), which was reaired on diatoms ; the other two, 
Poriunus ^ber and Inachus dorsettensis, are crabs reau^d on 
03r8ter laurvae. 

The Rearing of Nassarius reticulatus > (L.) 

Nassarius reticulatus, or Nassa as it is usually cailled, is a 
common British gastropod, very destructive to other molluscs, 
and often to be found in crab and lobster pots, its naturad 
habitat being among stones and on mud flats at extreme low 
tide and beyond. Its eggs are laid in purse-like capsules in rows, 
usually on the sea-grass Zostera which is common along the 
coasts. Many eggs are contained in each capsule, all of which 
develop into young shells. Some of these capsules were ob- 
tained, removed from the Zostera, and placed in a plunger jar 
in which Nitsschia had been introduced. In the water were 
other diatoms, and these and the Nitzschia together were growing 
thickly when the larvse were hatched. The larval Nassarius 
reticulatus hatches with a well-developed shell and bilobed velum, 
by means of which it swims about vigorously. As it grows the 
shell becomes spiral, the velum slightly four-lobed, and much 
larger with a brown border. When swimming the larva looks 
like a beautiful little butterfly. The velum is dliated all along 
the edge and underneath, the two rows of dlia bordering a 
groove to the mouth. By means of these dlia the food is 

* Lebour, M. V. : 1931. " The Larval Stages of Natsmritu retieuleius and 
Naumius tturassaius," Jomnal oj the Marim BMagieet AssoeioHoit, (N.S.) 
voL :gvil. October 3. 



498 SCIENCE PRCXiRESS 

waft^ to the mouth, and for the whole of the larval life the food 
consists of diatoms. When about two months old the Nassarius 
has the velum at its largest, and the foot is well developed so that 
it can eith^ crawl or swim. Soon after this the velum dwindles 
and the animal can no longer swim. It now crawls about like 
the adult, and its method of feeding is changed, for it is no 



FtG. 3. — ^Larvse and young of Na:sarius reticulaius reared in plunger jar. 
I, Egg capsule, 0*48 cm. high. 2. Larvae, 0*25 mm. to 0*75 mm. across 
shell. 3. Young crawling stage, 075 mm. 


longer a plankton feeder, but is carnivorous and eats small 
animals. Tiny bivalves introduced into the aquarium make 
good food. A closely related species Nassarius incrassatus was 
collected as a swimming larva and reared in a plunger jar on 
such small molluscs after the velum had thsappeared. These 
reached to adult size within a year. 

The Rearing of Portvnus pvber » (L.) 

Portunus puber, the Velvet Swimming Crab, is the largest 
and one of the commonest of the British swi mmi n g crabs, 
occurring between and under stones at low water and beyond. 
Female crabs keep their eggs under the abdomen attached to 
the short abdominal legs. A “ berried ” female was obtained 
whose eg®s were nearly ready to hatch. This was apparent by 
the eyes of the larval crabs being visible and giving the whole 
egg mass a dark appearance. The crab was placed in a large 

‘ Lebonr, M. V. : 1928, " The Larval Stages at the Hymouth Bracfayuia." 
Proe. Zo< 4 . Soc. London, July. 
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aquarium tank vrith running water. In a few days the eggs 
hatched out and rose to the smace of the water, where they were 
pipetted out into a plunger jar. At first the larvae are covered 
by am emlnyonic cuticle with voy large transparent spines on 



Fig. 4.— 'Lams and young of Portunus pubtr reared in plunger jar. 

1-5. Zo«a», 1 76 nun. to 4 mm. long. 6. Megalcpa .faSnun. long. 7. Young 
crab, fiiat stage, a-8 mm. across carapace. 8. Carapace of megalopa and 
five successive crab stages (6-8 are half the scale of 1-5). 

the feelers and tail, the true larval spines being hidden imder> 
neath this skin. This stage is known as the pre-zoSa. By 
means of much wriggling for some hours the larva casts this 
skin and emerges as a having long spines on the body, well- 
developed jaws for eatii^, and two pairs of foot jaws with long 
setse by means of which it swims. The little larvae placed safely 
in a plunger jar, oyster larvae taken from the gills of an oyster 


Soo SCIENCE PROGRESS 

were introduced and the zoeae instantly b^n to feed. The 
food was frequently renewed, any remains falling to the bottom 
of the jar bang removed at intervals. Portunus pubw, after 
emerging from the embryonic cuticle, passes through five zo£^ 
stages, Inachus dorsettensis through two only. During this 
time a change is gradually taking place in the larva. In all the 
zolSal stages there are two pairs of foot jaws used for swimming, 
the other appendages gradually appearing behind these. In 
the last zoga the abdominal legs (pleopods) are well developed 
although not functional. From the last zo6a comes the 
megalopa (so called from its large eyes), which has all the ap- 
pendages functional, the foot jaws now being proper feeding 
organs, the swimming being done by the pleopods. The mega- 
lopa can both swim and crawl, and eats planktonic animals 
usually larger than oyster larv®. Both the later zoSae and the 
megalopa can eat comparatively large Crustacea, frequently 
devouring their own species, especially if feeble or dying. It 
is, however, quite easy to keep the megalopas alive and thriving 
on pieces of mussel. The common mussel, Mytilus edulis, was 
used for these experiments. The mcgalopae were removed to 
another plunger jar or bowl and fed on pieces of mussel. From 
the megalopa comes the true crab, and from now onwards it 
gradually becomes like the adult. 

The following dates show the rearing of one Portunus puber 
from the egg to the ninth young crab stage, sixteen stages in 
all. In this case the mother crab was in a large tank until the 
eggs were hatched ; the larvae were then removed with a pipette 
to a plunger jar, and reared until the megalopa stage on ojrster 
larvae. One megalopa was isolated in a glass bowl and fed on 
pieces of mussel, the water being changed every day, the 
resulting small crab placed in a plunger jar and fed on mussel 
until it died after the ninth moult : 


Pre-zoSa from egg 
First zoiBk from pre>zotf a 
Second zoSa from first 
Third zote from second 
Fourth zoSa from third 
Fifth zofia from fourth 
Megalopa from fifth . 

First young crab from megalopa 
Second young crab from first 
Third young crab from second 
Fourth young crab from third 
Filth young crab from fourth 
Sixth young crab from fifth 
Sevenui young crab from sixtb 
Eighth young crab from seventh 
Kiatb young crab from eighth 

(This last died in casting its 


. une a3, 1927, 

June 23, 1927. 

June 28, 1927. 

. uly I, 1927. 

. uly 4, 1927. 

, uly 8, 1927, 
uly 12, 1927. 

. uly 25, 1927, 
August I, 1927. 
August 8, 1937. 
August 17, 1927. 
August 39, 1937. 
Septombm 7, 1927. 
S^tember 26. 1927. 
November zi, 1927. 
December 29, 1927. 
•kia.) 
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It is seen that whereas a few days may elapse between the 
changes of the zo^ stages, the intervals gradually enlarge until 
more than a month intervenes between the change from the 
eighth to the ninth young crab, under laboratory conditions. 
The temperature was in ail cases the usual laboratory tern* 
perature. 


The Rearing of Inachvs dorsettbnsis » 

Inachus dorsetUnsis (Pennant), the “ Scorpion Spider Crab,” 
the commonest spider crab at Plymouth, was reared from the 
egg to the seventh young crab stage. In this case the ” berried ” 
female, carrying her eggs which were nearly ready to hatch, was 
placed in a plunger jar and the newly hatched yoimg removed 
to a fresh jar with oyster larvse. The first zoSa from the pre- 



Fio, 5. — Larvae and youi^ of Inachus dorsetUnsis reared in plunger jar. i. Pre- 
aoea, x*9nun.long. 2-3. Zoto, 2*4 nun. to 2*9 mm. 4. Megalopa, x*6mm. 5. First 
young crab stage, 0*96 mm. across carapace. 6. Second young crab stage* 
1*28 mm. across carapace. 7. Carapace of megalopa and three successive 
young crab stages. (4-7 are half the scale of x-3.) 

zoSa gives rise to the second zoSa, which is far advanced and 
changes into the megalopa. Again, one megalopa was isolated 
in a glass bowl, fed on mussel, and the resulting young crab 
transferred to a plunger jar, where it was fed on bits of mussel 
until it died in the seventh stage. The youn^ crab from the 
megalopa directly it emerged covered itself with small hits of 
debris, and was successfully disguised in about an hour. 

> Lebour, M. V. ; 1937, " Studies of the Plymouth Brschyura. I. The 
Heuiag of Crabs in Captivity with a Description of the Larval Stages in 
In^fikia dors$ttmuis, Maeropodia hmgifostns, and Mete squinado," Journal 
offha Marina BUdogkal AssoeiaHon, (N.S.) v<d. XV, i.and Lebour, op. 
1938. 
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The fbllovdng dates show the changes of one crab : 


Pre-zofta from egg 
First 206a tom pre<2ofta 
Second zo^ tom first 
Megalopa tom second 
Flx^ young crab tom megalopa 
Second young crab tom first 
Third young crab tom second 
Fourth young crab from third 
Fifth young crab tom fourth 
Sixth young crab from fifth 
Seven^ young crab tom sixth 


one X2, 1937. 
une t2, 1927. 
une x6, 1927. 
une 23. 1927. 

; uly 4. 1927- 
; uly 15, 1927- 
July 26, 1927. 
August 8, 1927. 
August 17, 1927. 
SeptembCT x, 1927. 
October i, X927. 


Again the intervals are longer between the changes as the 
crab grows. 


The above notes show the possibilities of the plunger jar, 
which is certainly a most useful invention, and one which has 
stood the tests of time. It is hoped that many more interesting 
experiments will be made on the same lines in future years. 



NOTES 


OoloarFaini(O.B.B.) 

On November 9, before a large audience at the rooms of 
the Royal Society of Arts, with Lord Rutherford in the chair, 
Dr. Thorne Baker gave a description of recent advances in colour 
cinematography accompanied by demonstrations. The first 
film shown was one which had been produced by Kodak Ltd. 
for ordinary amateur use in their well-known baby cin^ camera. 
This is made on the lenticular film principle, that is to say, the 
film is covered by collodion, the surface of which is shaped by 
ruling in such a way as to make it act like a large number of 
elementary lenses. When, therefore, a tricolour filter is placed 
in front of the taking-lens, hundreds of small images of it are 
formed on the film, and the whole eflfect is similar to having 
a large number of coloured starch grains as in the Lumifere 
process. For reproduction it is, of course, necessary to have a 
similar filter on the projector and the film must be similarlv 
situated with respect to it. The film shown on the usual small 
aluminium-painted screen suffered from lack of sufficient 
illumination, but allowing for this, it certainly appeared that 
very pleasing results can be obtained by this method. 

Dr. Baker next showed what he considers to be the highest 
level attainable by the two-colour method, a Technicolour 
film. The definition was excellent, but as regards colour it 
could not compare with the three-colour film shown afterwards, 
which was produced by the Spicer-Dufay process on which 
Dr. Baker has been working at Sawston. In this process the 
film is ruled alternately in stripes of green and orange dye and 
crossed with stripes of blue violet. Stripes similarly situated 
must, of course, occur on the film positive. The film shown 
with the full-size cinematograph projector was much bettCT 
illuminated than the Kodak film, although even in this case it 
seemed that more light was required to make the colours really 
bright. The results, however, were excellent, and although it 
cannot yet be said that colour reproduction is perfect, never- 
theless, the effects produced were very realistic and extremely 
pleasing to the eye. One defect was that, at a distance of thirty 
feet at least, the grain of crossed rulings (350 to the inch) was 
visible, and when once seen became annoying. This, doubt- 
lessi will be overcome. 

303 
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Great care has to be taken with studio lighting, and at present 
a mixture of half-watt and carbon arc light is used. Dr. Baker 
made only; a few modest references to some of the troubles 
encountered, but it was quite clear that almost insuperable 
difficulties have been overcome, and an enthusiastic audience 
agreed at the end with Sir William Bragg that the lecture and 
demonstration would be looked back to in the future as the 
occasion when colour films first proved themselves worthy to 
enhance the great art of the cinema. 

A llnr notemstw lor ITttEa-Vhdot Speotroidiohanetfy (A B.) 

The increasingly great use which is being made of absorption 
spectrophotometry is understandable when once the data that 
tms teci^ique vrill yield is realised. Thus, the relationship 
between absorption and chemical constitution, and the effect 
of solvents, may be studied ; organic substances can be identi- 
fied and estimated whilst a great variety of biological substances 
(such as blood serum, cerebro-spinal fluid, vitamins A and D, 
etc.) come within the scope of the method. 

With this extending use of absorption spectrophotometry 
has come the need for new apparatus which will increase the 
rapidity of the method and improve its accuracy, and the latest 
development here is the “ Spekker " Ultra-Violet Photometer. 
This instrument is manufactured by Adam Hilger Ltd., whose 
sector photometer has been in wide use for this kind of measure- 
ment for many years now. The sector of this latter type of 
insfrument, however, is responsible for the available intensity 
of illumination being cut to one-half, and it is mainly to over- 
come this that the “ Spekker ” photometer has been introduced. 
In both instruments the original beam is split into tvw), one of 
these passing through the substance under examination, the 
other passing through the comparison liquid. The absorption 
due to the substance in the first beam is then compensated for 
by cutting down the radiation in the second beam. In the 
sector instrmnent this reduction is acWeved by the interposition 
of a revolving sector with a variable aperture ; in the new 
instrument a rectangular aperture is employed, and the size of 
this is controlled by means of a micrometer screw. The net 
result of the change is to rive an instrument whose speed is 
about double that of the older instrument. Such an increase 
of speed is of great value in biochemistry and related subjects, 
whm speed of working is essential because of the changes 
which may be taking place (due to irradiation, etc.) in the sub- 
stance under examination. 

Gieat care has been devoted to the optical system of this 
new instrument. A single light sovurce is employed to give 
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both beaj^, and the fact that this source will undoubtedly 
fluctuate in intensity in use renders it essential that the same 
part, <«• very closely adjacent parts, of the source should be 
used for both beams, and that the aspect shoiild be as nearly 
the same as possible. These conditions are observed in the 
" Spekker " photometer. The alignment of instruments of this 
type is also frequently a difficulty, but in this case special 
attention has been devoted to this, and two points are worthy 
of notice. Firstly, the light source is made an integral part of 
the instrument, and secondly, one end of the photometer is 
fastened to the spectrograph by means of an adapter attached 
to the spectro^aph slit. It is claimed that by these means 
the major portion of the alignment is automatically obtained. 
A full description of this instrument will be found in “ The 
Spekker Photometer for Ultra-Violet Spectrophotometry,” 
F. Twyman, Trans. Opt. Soc., vol. XXXIII, p. 9 (1931-2). 

bapraved Thsnniooic Valves (8. K. L.) 

A series of wireless receiving valves having extraordinarily 
good characteristics has recently been introduced by Standard 
Telephones and Cables Ltd. An account of them is given in 
the issue of The Wireless World for August 5, 1932. These 
new ” Micromesh ” valves, as they are called, possess superior 
characteristics on account of the diminished spacing of the 
electrodes. The principle of operation is precisely the same as 
in the more usual types, but the construction is unique. 

The valves are designed for operation from alternating- 
current mains, and the cathodes are therefore indirectly heated. 
The long cylindrical cathode is heated internally by crimped 
heater wires threaded in a twin-bore magnesia tube. Allow- 
ance is made for longitudinal thermal expansion, yet the mount- 
ing is perfectly rigid. The grid and anode are both very small, 
compared with the electrodes in ordinary valves, and they are 
both very close to the cathode. Such small clearances have 
been made possible only by extremely rigid mounting and rapid 
dissipation of heat. These most important requirements have 
been met by fitting both the grid and anode with large rectangu- 
lar vanes. The coolii^ of the grid is so effective that there is 
no trace of grid emission even with the anode and cathode at 
dull red heat. 

The complete range of ” Micromesh ” valves is not yet 
obtainable, but the few types at present on the market have 
(ffiaracteristics weatly superior to those of the correspondii^ 
valves of orthodox design. For instance, the ” goodness,” or 
mutual conductance, of the output valve is 12*6 milliamps per 
vtHf which is about twice that of the ordinary output valve. 

33 
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Two OT three years a«, such a figure would have been cox»id- 
ered phenomenal . Ine special construction has proved entirely 
satisfactory in quantity production, and there now remains the 
development of the complete series of valves with the improved 
characteristics. 

ttaoMo ShMik (8. K. L.) 

A considerable amount of research work has been done 
recently at the Johns Hopkins University on the injuries to 
persons caused by electric shock. A paper by W. B. Kouwen- 
hoven and O. R. Langworthy of that University published in 
the October 1932 number of Electrical Engineering discusses 
the effects and injuries arising from surge discharges and sum- 
marises the more important conclusions of earlier work. In 
the United States there are over one thousand fatalities from 
electric shocks annually, and the problem is regarded as one of 
increasing importance. 

As supplementary to the case histories of several hundred 
human beings, investigations were made with rats and dogs. 
It has been found that animals differ widely in their ability 
to withstand shocks, and, on account of their particular reactions, 
rats were chosen for studies of the nervous system and dogs for 
studies of the heart. A small electrical impulse generator was 
used capable of passii^ 100 amps through the animal's body 
at a maximum of 200,000 volts. The maximum current was 
reached in i microsecond, and the entire discharge was com- 
pleted in about 4J microseconds. The results of the experi- 
ments with rats clearly emphasise the importance of the 
current path through the animal. It was observed that as the 
current path became more remote from the brain and nerve 
centres, the chances of recovery became greater. Further, it 
has been concluded that, in the case of rats, low-voltage A.C. 
shocks are more deadly than D.C. shocks of corresponding 
voltage, and that D.C. shocks of i ,000 volts are more deadly than 
A,C. shocks of the corresponding voltage, and that in either case 
the injury inCTeases with the voltage. 

Most accidents to human beings occur in circumstances 
where moisture reduces the contact resistance of the body to a 
neglidble value. At high voltages, the contraction of the 
muSaes is so violent that often the victim is thrown clear* 
At low voltages it is often difficult or impossible for the victim 
to release his hold because the contraction is steady rather than 
violent. In human bein^, currents of 8 to 10 milliamps are 
quite painful ; at 20 milliamps, the contraction of the muscles 
is so great that the victim cannot release his hold. Currents of 
90 to 100 milliamps are considered dangerous. The sensitivity 
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of human beings and animals to electric current varies a great 
deal : the threshold is geno^lly between 0*5 and 2 milliamps. 
The current density is also important : a small animal does not 
recover as readily as a large animal. The duration of contact 
is of extreme importance, and the hope of successful resuscita- 
tion is diminished as the time of contact and the voltage are 
increased. The paper emphasises once again the importance 
of immediate and sustained artificial respiration. It is grati- 
fying to note that permanent injury is shown by only a very 
small percentage of the individuals who have recovered from an 
electric injury. 

Ttermkmic Wnriwinn (S. S. L.) 

Radio Research Special Report, No. ii (London, H.M. 
Stationery Office. Price 2s. 6 d. net) is a survey of the literature 
on thermionic emission recently compiled by W. S. Stiles, of the 
National Physical Laboratory, on behalf of the Radio Research 
Board. An endeavour has been made to include in it the most 
important papers up to the end of 1930. The survey is divided 
into nine sections and includes a bibliography and an author 
index. 

The first section is a General Outline, which is an histoncal 
account of the outstanding developments beginning with the 
original work of Richardson and Wehnelt. The next two sec- 
tions deal with the Theory of Temperature Emission of Elec- 
trons, and the Variation of Emission with Temperature, 
respectively, at considerable length. Details of the more im- 
portant points in various theories are given, and several tables 
of various experimental results are included. The next four 
sections are short reviews of the Heat Effects in Thermionic 
Emission (the heats of evaporation and condensation of elec- 
trons), the Distribution of Velocity of Thermionic Electrons, 
the Schottky Effect (the effect of applied electric field at the 
surface of the emitter), and the Photo-thermionic Effect (the 
^ect of light on thermionic emission), respectively. Thori- 
ated Filaments and Oxide-coated Filaments form the subjects 
of the last two sections. These two types of filaments are of 
great commercial importance, and consequently have been 
studied in considerable detail. The survey of literature on 
thoriated filaments, with which are included other thin film 
emitters, is fairly comprehensive, but the section dealing with 
oxideKioated filaments is rather brief in view of the importance 
of this particular type. 

The bil^oeraphy contains, in all, over 300 references, and 
thevo are blank pages to enable the reader to insert later refer- 
encM in the proper position. Also for this purpose, gaps have 
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been left in the numbering of tht references, which are arranged 
in a decimal system of notation. Unfortunately, there are 
references in the text which cannot be found in the biblio^phy 
nor in the author index. There are also a few errors in the 
spelling of authors’ names. If these faults can be overlooked, 
the book is worthy of high praise, for it brings together into the 
most orderly collection everything that has borne fruit in the 
very fertile field of thermiomcs. 


(G. D.) 

Trichlorethylene is probably the most important of the 
recently introduced non-inflammable, aliphatic halogen com- 
pounds. It is prepared by the action of " milk of lime ” upon 
tetrachlorethane, 

2CHCI, • CHCl, + Ca(OH), = CaCl, + aH.O + 2CHCI : CCl,. 

The commercial product is a pure, colourless liquid ; its 
boiling-point (87® C.) is constant within a range of i ® C. The 
specific gravity is 1*475 3 ^ ordinary temperature, and the sub- 
stance remains liquid until a temperature of — 73® C, is attained. 
Trichlorethylene is insoluble in water, but it mixes freely with 
alcohol, benzene, acetone, and other organic solvents. Addition 
of water causes it to separate from alcohol or acetone mixtures, 
and its use in place of benzene has been advocated for the 
preparation of absolute alcohol by distillation. 

Trichlorethylene is stable in air, but exposure to strong light 
causes decomposition to take place. The liquid does not attack 
common metals, although it appears to facilitate the rustii^ 
of iron. It has rapidly found favour as a solvent for sulphur, 
phosphorus, fats, waxes, resins, caoutchouc, etc. Not only is 
It a good solvent for these substances, but it possesses the great 
advantage over the older solvents in being non-inflammable. 
In addition to this use in the extraction of various substances, 
the solvent has been successfully applied in processes of 
" chemical cleaning.” It is readily recoverable, and owing to 
its relatively low vapour pressure there is not an excessive loss 
in its use. 

An unexpected property of the vapour is its selective 
action upon the fifth cranial nerve, and tlfis has led to its 
application in treatment of trifacial neuralgia. It is found to 
be not nearly so tome as chloroform. 

Although chemically an unsaturated compound, tri- 
chlorethylene reacts relatively slowly towards (Corine and 
breonine and with oxidising agents such as potassium penyaxi- 
ganate. 
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The Nobel Prize for Physiology and Medicine for the year 
1933 has been divided between Sir Charles Sherrington, past 
president of the Royal Society, and Prof. E. D. Adrian, Foulerton 
research professor of the Royal Society. The Prize for Chemis- 
try has been awarded to Irving Langmuir, of the General 
Electric Company of America. 

His Majesty the King has approved of the award of Royal 
medals by the President and Council of the Royal Society to 
Prof. R. Robinson, for his work in organic chemistry, and to 
Prof. E. Mellanby, for his work in dietetics. In addition, the 
following awards have been made ; Copley medal to Dr. G. E. 
Hale, for his work on the sun's magnetic field ; Rumford medal 
to Prof. F. Haber, for his work on the applications of thermo- 
dynamics to chemistry ; Davy medal to Prof. R. Willstatter, 
for his work in organic chemistry ; Darwin medal to Dr. C. E. 
Correns, for his work in genetics ; Buchanan medal to Prof. T. 
Madsen, for his researches on immunity ; Hughes medal to 
Dr. J. Chadwick, for his researches in radioactivity. 

The Rudolf-Virchow medal of the Berlin Anthropological 
Society has been awarded to Prof. Karl Pearson, Director of the 
Galton Laboratory of Applied Statistics and Eugenics. 

The de Morgan medal of the London Mathematical Society 
has been awarded to Bertrand Russell. 

Prof. A. Fowler and Sir Clement Hindlcy have been ap- 
pointed to be members of the Advisory Council to the Com- 
mittee of the Privy Council for Scientific and Industrial Re- 
search in succession to Sir Alfred Ewing and Sir David Milne- 
Watson, who retire on completion of their term of office. Sir 
Harold Hartley has been appointed chairman of the Fuel 
Research Board and Dr. N. V. Sidgwick chairman of the 
Chemistry Board. 

Sir C. V. Raman, F.R.S., has been appointed to succeed 
Dr. M. O. Forster, F.R.S., as director of the Indian Institute of 
Science at Bangalore. 

Sir Frederick Gowland Hopkins has been elected president 
of the British Association for the year 1933. The annual 
meeting will be held at Leicester during the period September 
6-13. 

Mr. W. F. Higgins has been appointed secretary of the 
National Physical Laboratory in succession to Mr. F. J. Selby, 
who has retired. 

Prof. J. A. Crowther, professor of physics in the University 
of Reading, has been elected honorary secretary of the Institute 
of Physics. 

]^. Harold Moore has been appointed director of the 
British Non-Ferrous Metals Research Association. Dr. H. S. 
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Hutton^ thfi retiring director, has been chosen to occupy the 
Goidsinith chair of metallurgy at the University of Camlmdge. 

IMr. N. E. Mott has been elected to follow Prof. Lennard 
Jones as Melville Wills professor of theoretical physics in the 
University of Bristol. 

We have noted with great regret the announcement of the 
death of the following well-known workers in science during the 
past quarter : Mrs. G. P. Bidder (Marion Greenwood), physio- 
logist ; Sir Dugald Clerk, the internal combustion engine 
expert ; Prof. Chaston Chapman, F.R.S., organic chemist ; 
Sir William Clegg, chairman of the Applied Science Department 
of the University of Sheffield ; Mr. Edwin Edser, the well- 
known author of textbooks of physics ; Dr. W. Giarnett, 
mathematician ; Prof. K. von Groebel, For.Mem.R.S., botanist; 
Prof. T. Gray, technical chemist ; Dr. F. H. Hatch, metallurgist; 
Prof. O. D. Kellogg, of Harvard, mathematician ; Sir Bernard 
Mallett ; Prof. W. H. Sherzer, of Michigan, geologist ; Dr. 
T. H. C. Stevenson, statistician ; Prof. W. Stirling, physiologist ; 
Dr. J. Stuart Thomson, zoologist ; Sir Everard im Thurm, 
anthropologist ; Mr. H. G.. Watkins, arctic explorer ; Prof. 
Max Wolf, of Heidelberg, astronomer. 

The annual meeting of the Science Masters' Association will 
be held in the University of Bristol during the period January 
3-6. 

The Common Council of the Corporation of the City of 
London has granted a sum of ;£ioo,ooo, payable in ten annual 
instalments, to the University of London in aid of the new 
building in Bloomsbuir. The gift will be used to meet part of 
the cost of the Great Hall which is to be identified with the City 
in some distinctive manner. 

The intimate relationship between chemistry and physics 
brought about by recent developments in mathematical physics 
has ^eady produced in England the remarkable spectade of 
a professor vacating the chair of theoretical physics in one 
umversity in order to occupy a chair of inorganic chemistry in 
another. Now, from the United States, comes the statement 
that the ffist important act of the newly formed Institute of 
Physics will be the publication of a Journal of Chemical Physice. 
The new Journal is designed to satisfy the need for a mraium 
to provide publidty for papers too chemical in character for 
the pages of the Physical Review and too mathematical for a 
jour^ of physical chemistry. 

The future of the Shirley Institute, the research station of. 
the Cotton Research Assoaation, is, it appears, imperilled by 
the coming exhaustion of the Government grant of £1,000,000 
intended to tide the Assodation over its mat difficult yMos. 
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Institute costs ^£65,000 per annum to run, and the enthu* 
aiasm of the 1,300 members of the Association provides only 
;£35 ,oOo ! The Director of the Institute states tlint his staff is 
largely occupied with research on current problems ; that he 
could usefully employ 400 people instead of the 200 now work- 
ing under his control, and that there is very little time for work 
of a fundamental character. From these circumstances it would 
appear that the industry is by no means unappreciative of the 
results of scientific research provided it can ^t them at the 
expense of the taxpayer. 

The Cambridge University Press announces the appearance 
of the second volume of Sir J. J. Thomson’s and Prof. G. P. 
Thomson’s book on the Conduction of Electricity through 
Gases, the second volume of Simonsen’s book on the Terpenes, 
a book by Daynes on Gas Analysis by Measurement of Thermal 
Conductivity, and a new volume of the Cambridge Mathematical 
Tracts, by A. E. Ingham, entitled Distribution of Prime Numbers. 

Miscellaneous Publication No. u8 of the U.S. Bureau of 
Standards contains a compilation, by T. Martin Lowry, of the 
data obtained before January i, 1924, relating to the optical 
rotation of liquids and its variation with wavelength, tempera- 
ture, solvent, and concentration. The tables were prepared for 
the International Critical Tables, but only the values for the 
common sugars and for common solvents at ordinary tempera- 
tures were included therein. The tables now published occupy 
some 95 pages of close type, and there are 232 references. 

We have received the first volume of the Bulletin of the 
Academy of Sciences of the United Provinces, India. The 
Academy owes its existence to the enthusiasm of Prof. M. N. 
Saha, of Allahabad, and the generosity of the Government of 
the United Provinces, which provided a sum of 4,000 rupees 
to meet the initial expenses. The meeting of the Indian 
Science Congress in Allahabad in January 1930 provided an 
opportunity for discussion of the preliminary details. The 
Council met for the first time in January 1931, and the first 
ordinary meeting was held a month later. The Bulletin contains 
37 papers on different branches of science. President Saha’s 
inaugural address, a financial statement, and a list of members. 
Ihie printing leaves little to be desired, even when judged by 
European standards, but some of the papers would have been 
the better for a little editorial attention. The price at which 
the Bulletin is to be sold is not stated, an unfortunate omission, 
for it will be wanted in all science libraries. 

The Bell Laboratories Record for October 1932 contains an 
interesting account of the solder used for wiped joints on 
As a result of many tests it has been found that an 
ftUefy of 38 per cent, tin and 63 per cent, lead is definitely 
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better than any others, though another, containing 9 cent, 
cadmium, 34 per cent, tin, and 67 per cent, lead, was tried with 
promising results when the relative inrices of these mc^ls made 
the use of cadmium desirable. Small proportions of impurities 
have very deleterious results. Thus, more than 0*3 per cent, of 
antimony decreases the cohesiveness of the solder and shortens 
the plastic period during which working is posuble. More than 
0*005 per cent, of zinc produces a lumpy wiping material, but 
the presence of copper up to o*i per cent, is not objectionable. 
Bismuth is limited to o*io per cent., as its presence lowers the 
freezing-point, and thus prolongs the plastic period unnecessarily. 

The Bureau of Standards Journal of Research, September 
1932, contains an account of a new determination of the atomic 
weight of osmium, by R. Gilchrist. This element was first 
identified by Tennant in 1804, and twenty-four years after- 
wards Berzelius, by analysing potassium chloro-osmate 
(K|OsCl,), found for its atomic weight the value 198-94. In 
1891 Seubert obtained values ranging from 190-27 to 192-23, and 
his results have been used as a basis for the value of the atomic 
weight given in the International Table. In 1912 Seigbold 
obtained 191-09 and 189-33. Gilchrist used ammonium 
chloro-osmate and ammonium bromo-osmate. He used osmium 
from different sources, varied his balances and weights, and took 
the utmost care in experimentation. His values are I9i‘53, 
*9*’53» I9*'SS» and 191-61, with a weighted mean of 191-55. 

The same issue of the Journal contains an account of an in- 
vestigation by Meters and Kiess of the infra-red arc spectra of 
titanium, iron, cobalt, ifickel, and zirconium — the first instal- 
ment of an already-completed survey of fifty elements. The 
work has been made possible by the discovery of a new infra-r’ed 
sensitiser, called xenocyanine, in the Eastman Kodak research 
laboratories. Fifteen years ago the best infra-red sensitiser 
available was dicyanin. Photographic plates bathed in this 
had a maximum sensitivity at 7,oooA, but stroi^ lines between 
9,oooA and io,oooA could be photographed with v^ long 
exposures. Another sensitiser, neocyanine, discovered in 1926, 
had a maximum effect at 8,iooA, but did not extend the range 
appreciably. Xenocyanine covers the range 8,oooA to 1 1 ,oooA 
with a maximum at 9,6ooA ; it has in addition an extraordinary 
speed, permitting exposures from 100 to 1 ,000 times smaller than 
those previously possible in the interval 9,000-10, oooA. 
The iniro-red photographs which were such a notable feature of 
the illustrated papers in 1932 were obtained on plates soaked in 
this dye. 

The euJMhescope is a new instrument devised by Mr. A. F. 
Dufton, of the Building Research Station, to measure how much 
colder it is now that the sun has gone,” or ” warmer round the 
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corner out of the wind.*' It actually measures the equivalent 
temperature of a room or any other environment . Thi s is defined 
as the temperature of a uniform temperature enclosure in which, 
in still air, a sizable black body at 75® F. would lose heat at 
the same rate as it does in the environment. The instrument 
is described in a paper entitled The equivalent temperature of a 
room and its measurement, published by H.M. Stationery Office, 
(price 6rf.). Another pamphlet, issued at the same price, de- 
scribes the sources, preparation, and applications of lithium. 
Until recently this metal was employed only in the form of its 
salts which were used chiefly in the treatment of rheumatism, 
but lately many other applications have been discovered. The 
metal is used both as a constituent of light alloys and as an 
agent for hardening aluminium and lead ; the hydroxide is used 
in the manufacture of alkaline accumulators, and other com- 
pounds are employed in the glass, ceramic, and enamelling 
industries. 

The July issue of the Journal of the Franklin Institute con- 
tains a very interesting paper by Thomas D. Cope dealing 
with an early experiment on diffraction. It appears that one 
F. Hopkinson, of Philadelphia, wrote to David Rittenhouse on 
March 16, 1 785, asking him to explain the curious colour fringes 
observed when a street lamp is viewed through a handkerchief 
held close to the eye. Rittenhouse was very intrigued with the 
phenomenon, and ultimately constructed a grating about half 
an inch square by laying hairs xlv iuch thick in the threads of 
fine screws of pitch inch which he cut from brass wire. 
Unfortunately, he complicated matters by using two sets of hairs 
at right angles set in four screws. Nevertheless, he was able to 
observe six orders of spectra, and with the help of a “ prismatic 
telescope,*’ lent to him by Dr. Franklin, measured their separa- 
tion. He noted also that the order of the colours is the reverse 
of that given by Newton's prism. Interpretation of the results 
was of course impossible at the time, but Mr. Cope finds that his 
data give 6,20oA and 4, 600 A as the wavelengths of red and 
blue light. The letters containing this remarkable anticipation 
of Fraunhofer's work were printed in the Transactions of the 
American Philosophical Society for 1 786. 

The recent announcement of the commercial agreements 
made at Ottawa lends special interest to two monographs of the 
Australian Council for Scientific and Industrial Research 
(Pamphlets No. 27 and 28, Melbourne, 1932). The animal 
indust^ of Australia is scientifically studying methods by 
which its trade with Britain may be expanded. 

The development of Australia, north of the 19th parallel of 
latitude, has been seriously retarded owing to the poverty of 
ita cattle husbandry. Geography and the cattle tick, the 
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transmitter of redwater fever, are the two influences adversely 
aflfecting the industry in tropical Australia ; of the two, the 
cattle tick is the more serious. The methods of eradicating the 
tick so successfully applied in the southern U.S.A. are not 
practicable in tropical Australia, consequently her problem is to 
find a breed of cattle which, (i) is naturally immune to tick- 
borne disease, (s) can thrive under her geographical conditions, 
and (3) will, as frozen meat, satisfy the criteria of the English 
market. 

The Zebu or Brahman cattle (Bos indicus) satisfy the first 
two conditions, but they are unsatisfactory for meat and milk 

E induction. Conversely the first-class meat-producing British 
reeds rapidly dedine in the tropics, and possess no immunity 
to tick-borne disease. Mr. R. B. Kelly, B.V.Sc., having 
studied the conditions of the meat industry on the Gulf of 
Mexico littoral, finds the solution of the problem in the pro- 
duction of a hybrid British-Zebu cattle by rigid selection under 
the control of the Commonwealth Government. 

Further research will be required before Mr. Kelly’s recom- 
mendation can be accepted with safety. For example, the 
half-bred British- 2 ^bu under American conditions possesses a 
natural immunity to tick-borne disease, but its meat is of 
inferior quality ; on the other hand, to obtain a good quality 
beef the 2^bu blood in the hybrid must be diluted to at least 
one-sixth or one-eighth, at which point the immunity appears 
to be lost. Experiments on the lines suggested by Mr. Kelly, 
if carried out by the Australian Government, are of immense 
importance in the economic development of the tropical lands 
in the British Empire. 

In pamphlet No. 28 Mr. Kelly surveys the means of expand- 
ing Australia’s pig export trade with England, which is her 
omy potentially large overseas market. He recommends 
adjustments in the breeding and feeding of native stock for the 

g reduction of a bacon pig, of which extensive expen-ts (in the 
ozen carcase) could ^ accepted by the English bacon market. 
To those who anticipate independence of foreign supplies 
for our Empire’s basic foodstuffs, there is much encouragement 
in the biological research conducted in Australia. 
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She Qqmh oI fhe Soleneai* By E. T. Bbll« Ph.D., Professor of Mathematics 
in the California Institute of Technology. [Pp. 138, with 9 figures in 
the text.] (Baltimore: The Williams & Wilkins Co. London: Balli^re» 
Tindall & Cox, 193X. Price 55. 6<f. net.) 

Charlbs Kingsley left it on reel’d that he read J. S. Mill’s tract On Liberty 
at a sitting, and rose feeling a better man. I can say that I read E. T. Bell’s 
little book from cover to cover without a break, and enjoyed every page of 
it. It more than compensated me for the hours lost on some very dull 
novels. Incidentally I found only three misprints, none of wliich was of the 
slightest importance. 

It is a charming little book, instinct with true mathematical feeling, full 
of common sense, and an excellent antidote to the rhetorical nonsense that 
speaks of the Great Architect of the Universe being a pure mathematician. 
D. G. Rossetti said that the Pre-Raphaelite school of painters took as their 
watchword, ** death to slosh.” A little crude, perhaps, coming from the 
brother of the ethereal Chnstina ; but the spirit of it might well be taken 
over by present-day mathematicians. 

The fields of knowledge opened up by mathematicians during the past 
century are so vast as to break the heart of any who hopes to cover them all. 
None of us can hope to master more than a sinall corner. This should make 
us all the more grateful to those who indicate the lie of the land elsewhere. 
Here we have an eminently readable little book that performs the task 
admirably and succinctly. Its import can be grasped by physicists, chemists, 
engineers, and anybody anxious to improve his mind. It should find a place 
in the library of every school above the elementary, and in public libraries 
as well. 

The work is excellently produced. The scarlet binding, with its silver 
label bearing black letters, is most attractive. The price is reasonable and 
the size is convenient for slipping into the coat pocket for a train journey. 
1 o£[er the author my congratulations. 

F, E. Relton. 


Vomitelioiii ol the Theory ol Alghbrsio KumbenL By Prof, Harris 

Hancock, Ph.D., D.Sc. Vol, I. (Pp. xxvi + 602.] (New York : 

The Macmillan Company, xqsz. Price 8 doUars.) 

Tme la the first and introductory volume of a large and detailed treatise on 
the theory of algebraic numbers. The volume opens with an account of the 
genml notion of realms of raticmality and of algebraic realms in particular, 
and paaaes on to discuss algebraic integers. The problem of the factorisation 
Of an algebraic integer then leads to the core of the theoxy, namely, Hummer’s 
ideal munbers, D^ekind^s moduls and ideals, and K^xmecker's modular 
iyitaxmi, Die author then considers the quadratic law of reciprocity, gives 
a nme detaUed treatment of quadratic and cubic realms, and a geometric 
pnneiiUllii^ii of ideals. 


5x5 
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The method of etpoeltioii of this difficult euhieet ii perticdkdy deer. 
There is a good index and abandant leferames to the Ustoarv and Uteratme 
of the eot^ect But in spite of this one has the uneasy teding that one 
cannot see the wood iot the trees* The erne ^ding principle^ which woold 
have shed a flood of light on the sut^ect— 4ihe meory of groups and algdms-* 
is studiously avoided. The wav in which these and ^ed concepts can be 
used to simplify and condense w theory of moduls and ideals is well shown 
in van der Waeiden’s Modeme Algebra. In fact, the author has failed to 
make use of a great opportunity for bringing group methods before the 
EngUsh-speaking world. 

G. T. 

An latrodnetian to the Theory of Oanonioal Matrices. By H. W. Tuxnbuxx, 
M.A., F.R.S., and A. C. Aitkek, D.Sc, [Pp. xiii + 192.] (London ; 
Blaclie A Son, 1932, Price 175. 6d. net.) 

This book gives an admirably simple account of the various ways In which 
matrices of finite order can be reduced to canonical form under the more 
important types of transformation. Although the work serves as a sequel 
to The Theory of Determinants, Matrices and Invariants by Turnbull, the 
inclusion of an introductory chapter giving the necessary fundamental defini** 
tions and properties makes it effectively independent and self-contained. 
The subject is introduced by the elementary transformations which are 
involved in the standard processes for the reduction of a matrix prepwtory 
to the evaluation of its determinant, and by the translation into matrix form 
of the process for determining the highest common factor of two pol3moiniali 
(Chapter II). Chapter III deals in a general manner with the canonical 
reduction of X-matrices, and the succeeding chapter classifles the types of sub- 
groups of the general group of transformations, B »> FAQ, of the matrix A. 
Tke next four chapters examine these types of transformation in detail. 
Chapter IX considers the canonical r^uction of pencils of matrices, 
A •• XA 4- mB. The concluding chapters apply the general theory to the 
solution of linear matrix equations and to problems of vibrations and 
mathematical statistics. 

This book is ennehed with historical notes, numerous illustrative examples, 
and a good index. Prospective readers should not be misled by the pub* 
Usher's announcement on the dust-cover, for the theory expounded in Jthis 
work has little bearing on quantum mechanics. Two fuikher criticisms may 
be advanced, namely, that it seems a pity that the theory given here is hot 
related to the theory of the representation of groups. Also the restriction to 
matrices of flnite order is a severe limitation. With these reservations the 
book may be warmly recommended. 

G. T. 

Finmdaikmi of Point Set nieory. By R. L. Moors. [Pp. v + 486.] 
(American Mathe m atical Society Colloquium Publications. VoL xUl# 
1932. Price I5.) 

It has beoa weU said that the duty of the philosopher is to justify the into 
itions of the plain man, and it is none the less true that it is the dttW of the 
mathematician to justify the intuitions of the physicist. In particular, it is 
the task of topology to provide a rational basis for our spatial mtuitions. 

The logical account of any branch of mathematics must b<^ with tm- 
defined nations and unproved propositions, and, in topology, pertope the most 
difficult part of the subject is the elucidation of these iundamentsls. Ttie 
great advantage of this volume is its careful analysis of the structure of the 
ittblect and the clarity with which it expounds the relation of each topological 
tbeerem to the set of definitions and axioms which iorm the Hew at 
subject In fact, the present work is, in effect an anatomic 
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tqpologjr tavcNiiixig the skeleton of the subject, and perhaps suggesting the 
inevitable queiy« Can these dry bones live ? 

It is, of course, an inevitable characteristic of a treatise of this description 
that the early chapters are highlv abstract in character, and that they deal 
with spaces which bear only a shadowy resemblance to the spaces utilised 
in mathematical physics, such as Euclidian spaces of three or any finite 
number of dimensions and the Hilbertian spaces of modem quantum theory. 
It is impossible to give in a short review an adequate account of the 500 pages 
of closely reasoned argument which compose the present work. There are, 
howeveTi two points upon which this book is open to serious criticism. 

In the first place, the study of the book u made unnecessarily difficult 
by the fact that the whole subject is expounded mare geomeirica. There is a 
most impressive array of definitions, axioms, and theorems, but no attempt 
has been made to show how the fundamental ideas and principles have 
actually been formed by abstraction and induction from the simple types of 
apace mentioned above. For example : the first axiom (labelled '' axiom 
O **), runs as follows : ** Every re^on is a point set ; but there is nothing 
whatever to give the reader any idea what sort of entity a region may be. 
The only indication of the nature of a region is incidentally provided by the 
definition of the “ boundary ” of a point set M as the set of points X, such 
that every region that contains X contains at least one point of M and at 
least one point that does not belong to M. It would have helped the reader 
very much if some simple illustrations of a region had been given. 

Again, the second axiom (labelled ** axiom i asserts the existence of 
a certain sequence of point sets possessing an array of properties which 
occupies no less than twelve lines of type. This is, perhaps, hardly the kind 
of asdom which one would expect to nnd as part of the basis of topology, 
but it may, nevertheless, be just as indispensable as Zermelo's axiom in the 
theory of numbers. The most casual reader cannot fail to remark that such 
an intricate assumption as '' axiom i ** must be the outcome of a lengthy 
series of investigations into this subject. ITie rule that phylogeny should be 
a recapitulation of ontogeny holds in the realm of education no less than in 
biological science, and the i^torical approach to a subject is usually the best. 
In this case ** axiom i has been robbed of most of its significance by the 
suppression of the history of its formulation. 

In the second place, the author has not given a complete list of the undefined 
notions peculiar to the subject of topology. According to the introduction, 
the only undefined notions are Point " and '* Region/* but on the first page 
of chapter x there appears a third notion which should certainly be includ^ 
in this list. This is the notion of '* inclusion,** which expresses the relation of 
a region to a point. It is particularly unfortunate that the undefinable 
character of the relation of inclusion is not recognised in this treatise, for it 
appears from Whitehead's theory of Extensive Abstraction that a point can 
actually be defined in terms of a region and of inclusion. 

These critidsms of the mode of exposition adopted by the author do not 
of course detract from the value of the matter contained in this monumental 
treatise. The book is enriched with a twenty-pa«e Bibliography, and a 
glossary of the technical terms (s.g. cactoid, graputomic subset, webless 
continuum), in which American topology seems to be especially rich. 

G. T. 


IH tha r e n tiri bum tbe Algebraio ItaiiApoint By J. F. Rxtt. 


cations. Vol. xiv, 193a. Price I2.50.) 




i» • nmariutble contrast between the theory of systems of algebraic 
•OttSitlaas ami the theory of systons of differential equations. The theory of 
*-*P^*^ and of algebraic redocibility is already classical, but the 
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oorx«s{M)iitditig theory of eyetems of dHferential eqrmtkine luui ao f^ !uui% 
been touched upon* even in Forayth*a greet treatiae. The object of tUa book 
if to develop the algebraic theory of ayateoDOA of diffeorential equaticma. 

The central problem of the theory ia that of the reducibility of ayatema 
of differential equations. It is shown here that any system of differential 
equations, finite or infinite in number, in a finite numb^ ox unlmown fanctions, 
ts composed of a finite number of irreducible systems. Furthermore, the 
author gives a method involving differentiation and rational operations for 
decomposing a fipite system into irreducible 83rstems, and for constructing 
resolvenib which effectively determine the general solutions of irreducible 
83r6tema. The last chapter extends the theory to systems of partial differ- 
ential equations. 

Only a few examples are given by the author, and these can all be studM 
by the fight of nature without the aid of the elaborate theory developed in this 
hook. It is remarkable that no example is given of a system with more than 
one equation. Such examples are. however, easily constructed, and the fol- 
lowing problem will serve to illustrate the theory. 

If w, V, and x are rectangular Cartesian co-ordinates, the general equations 
to a system of straight lines in space are : 

Vt), 

W “ + g(«2, t^i), ' ' 

where Un « dHtJdx^,, . . etc. Tlicse generalised Clairaut equations lead on 
differentiation to the following relations : 

o «■ U|(x -f dfld^i) 4* Vtdfld^u 
o « Vn{x + dg/dvi) + UtSfldUu 

whence, either f<t «= o and Vt » o, (B) 

or + x(dfldui + dg/dvt) + dlf.g)ld{*^uVi) - o. (C) 

Here the original, reducible system of equations (A) is composed of the two 
irreducible systems, represented by (A) 4- (B). and (A) -f (C) respectively. 

The great value of this work is that it enables us to dispense with the 
assumption that a given system of differential equations can be reduced to a 
canonical form. Most existence theorems begin with the statement, ** Let the 
given system of equations be solved for such and sutii derivatives. Unfor- 
tunately, the actual solution is usually impracticable. In addition to this the 
limitations imposed by the use of the implicit function theorem and the 
impossibility of preventing the entrance of extraneous solutions during the 
process of elimination exemplify the inadequacy of the classical theoty. A 
discussion of systems of differential equations from the algebraic stanapoint 
was an evident necessity, and the present monograph gives an admirable 
account of what has been done in this subject which has been created and 
developed almost entirely by the author of this book. 



A ItMXbotk ol FtMUori Aftronfloijr. By Jason J. Nassau. CPt>. s <«- 8s«, 
with numerous illustrations and diagrams.] (L^on : lfoGiaw*Hill 
PttUishing Co.. 1932. Price i8s. net.) 

Tms tsocflxiok can be heartUy recommended, not only to *1^1 students in 
dvil engineering for whom it is primarily intended, but "Iso to anyone who 
wlibes to grasp the prin^les and methods of the determinatioa of Time, 
Lntttnde and Axunuth. Hhe descriptiona of the iirnttumenta and tha emAmn* 
tkma of the methoda of their emdoyment are clear and conciM, radtiSa 
nsnwiy adjnrtments, the conections and the anon am tre a t ed 
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ftnd ittteUlgibfy* Ptot Namu 19 an experienced teacher, and evideaidy 
knows wsU bow to guide his students through their difificuities and over their 
pitfalls* Numerous illustrative examines are fully worked out which, 
togetibuer with the forms for recording the observations and for making the 
computations, will be found of great service, and the book abounds in 
practical hints, many elementary, but all useful. Proofs are given for the 
matlmmatical formulae employed with the single exception of those of the 
sphmical triangle, and it would surely have been worth while to devote a little 
space to these in order to make the student sound in his fundamentals and 
hidependent of mere assumptions. The price of the book is probably influ- 
enced by the adverse rate of exchange, but it seems high for a small volume 
of some sso pages. With these minor criticisms, the reviewer can give the 
book wbole-hea^hed praise. It is completed by a useful set of tables, four 
star maps and an ad^uate index. 

R. W. Wmox-EY, 

nrswEOfl 

btaciliudtate Physios* By C. J. Smith, Ph.D., M.Sc., A.R.C.S. [Pp.v -1-650. 

with illustrations and diagrams, examples and answers.] (London; 

Edward Arnold, 1932. Price 14s. net.) 

Tms tail must continue to follow the head, and Dr. Smith's textbook is an 
excellent example of this truth. There is nothing restful in the progress of 
any scientiflc subject ; some of the information gained by those at the grow- 
ing points must eventually come down and become common knowledge. 
Those whoso duty it is to frame syllabuses know how hopeless the task is to 
keep examiners to their promises. Any good teacher or examiner possesses 
intmtion of the standard of knowledge &at can be expected from a given 
group of pupils. The assessment of standard must be made in relation 
to the current and ever-increasing knowledge of the subject. 

The most promising movement in elementary physics is towards simpliflca- 
tion now that the methods of the calculus are commonplace at this stage. It 
would be a hopeless task to endeavour to include for due consideration every 
phenomenon offered by nature. We are hoping that this diversity is not so 
great as it has been our custom to imagine, and even in Intermediate teaching 
a commencement should be made in valuable generalisation. 

Dr. Smith devotes about xo8 pages to Properties of Matter, 130 to Heat, 
l$o to Optics, 50 to Acoustics, and 200 to Electricity and Magnetism. This 
is a very fair diviaion. In the flrst section, apart from the ordinary mechanics, 
such subjects as diffusion, high vacua, surface tension, viscosity, and elasticity 
are dealt with. Even though there is nothing in the index to indicate that 
viscosity has been considered, yet in the text the definition of the coefficient 
is adequate, and the standard methods for determining viscosity are described. 
However laudable it is to introduce in its own place an illustration of a petrol 
pump as a harmless example of a suction pump, it is to be doubted if a 
description of the cup and ball viscometer will add anythin to an Inter- 
mediate student's knowledge of the pnnciples of physics. The section on 
Heat is enriched with many new diag^-ams that have not appealed before in 
an dementai^ textbook. The student is given the advantage of first-hand 
knowledge of the standard work on the subject of the late Prof. Callendar. 
t1ie bptiM section is illustrated with a set of exceptionally clear diagrams* 
Tbe mementary treatment of geometrical optics can become very cumber-^ 
some, but the author has covex^ the ground clearly and concisely. Perhaps 
a ttittle attention might have been ^ven to colour vision, and the direction of 
the light acrcMM the retina in Fig. aS8 should be marked. In this section the 
IntlOdnctiOii of the wave tbec^. the diffraction grating, and the sagittal 
xaettmd Sre merely signs of changing times. The section on Acoustics is 
this is more surprisi^ in view oi fhe remarkable develq> 
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i&dtitii in iQilfi la xiooQtfl: yMM« SntiRMdiAtto 

itadmtt woidd tM» just as interested in a taDdng pictuxe as in M ucgan 
pipnorsifea. 

The important subject of Magnetism and Ekctiidity is covered in the 
Older magnetism, elactrostatic8« and current electricity. An eoncelient 
treatment of the subject of magnetism and a fine set of diagrams is marred 
a little by the absence of arrows indicating the direction of ihe lines of force. 
In dealing with the magnetic effects of a current circuit, it is pleasing to see 
the scHcalled law of Biot and Savart subordinated to the far more generals 
and valuable idea of the equivalence of a current circuit and a magnetic ahelL 
It is to be hoped that all the rules for the mutual effect of magnetic fields and 
currents will eventually disappear except the right-hand screw convoation. 
They are bad physics. The writer would find it much more dif&cult to re- 
member the *' rule ** than to deduce the result from physical principles. The 
useful convention distinguishing inductive from non-inductive winding seems 
to have been dropped in this part of the book. It is true that inductive 
winding is more diffiicult to draw, but modem electrical diagrams would become 
meaningless if this convention were disregarded. The electron makes its 
appearance at the end of this section and even the Planck-Einstein photo- 
emctric equation is introduced to strike the first real chord. 

The work is excellently produced. It is, on the whole, a pleasing book to 
handle and strikes the teacher immediately as being the work of an author 
with a wide and balanced outlook on an ever-changing subject. 

L. S. 

Faraday and his MetaQurgioal Besearohet. By Sir Robert A. Hadvxbld, 

Bt., D.Sc., D.Met., F.R.S., F.I.C., etc. [Pp. xx -f- 329, with 58 plates. 

12 figures, and 27 tables.] (London: Chapman A: X93X. 

Price 2xr. net.) 

AxTHouoH Faraday is mostly remembered as the " Father of the Electrical 
Industry,*' he has, according to Sir Robert Hadfield, equal claim to be 
regarded as the ** Pioneer of Alloy Steels." From 18x9 to X824 Faraday 
carried out a detailed investigation of steel and its alloys, this being the first 
research of any considerable magnitude undertaken by him. F^m 1824 
onwards he was exclusively concerned with other problems ; and in 1863, 
when his memory had begun to fail, he could not recollect what had become 
of the alloy specimens prepared forty years earlier. Posterity, too, largely 
forgot the work that had claimed five years of Faraday's thought and labour ; 
and even Bence Jones wrote of it as having " ended in nothing " and " proved 
of no lasting value." 

Fortunately, seventy-nine specimens of steel alloys prepared by Faraday 
were recently found at the Royal Institution in a box labelled " Steel and 
Alloys " — " Faraday." By permission of the Managers of the Royal Institu- 
tion, Sir Robert Hadfield has made a complete analysis of these specimens at 
the Hadfield Research Laboratories, Sheffield. Other specimens were exeam- 
ined at the same time, some provided by the courtesy of the Director of the 
Science Museum axid others obtained from private sources. 

The broad-minded attitude of the authorities mentioned, Sir Robert 
Hadfidd justly remarks, " might well be copied by all who are in charge of 
relics of the past, for without it the achievements of our predecessors caimot 
be accurately assessed and much knowledge may be lost.'^ This book sboukl 
do much to make such an attitude more general ; and, on this matter, a few 
facts are worth quoting. Of the original 3,741 grams of material, the total 
weteht of the specimens examined, only 591 ^ams were used in the invest!- 
gathm, althou^ 493 chemical analyses and 866 chemicali physical, and 
mechanical tests were carried out. The specimens thus remain comparatiyely 
intact and with their value unimpaired ; and methods have bem devised 
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that tfioold mate any aoch inveatigatioii mnch eaator in the future, when, it 
ii to be muaeiifn and other authoritka will have learned that this does 

not involve the desIructiDn of the objecta in their care. 

The results described here clearly show that Faraday was far in advance 
of his thne and that there was neither the skill among the steelmakers to 
apply his results nor a commercial demand for such alloys as he had pre- 
pared. Th^ahow, too, that Faraday's work in this field deserves to rank 
with his o&er better-known researches/' since ** he was, in fact, the first to 
conceive and put i^to effect the idea of a really comprehensive investigation 
ci Ihe possibOity of aUo3ring steel with various elements, followed by the 
eaaminabbn of the properties of the alloys formed." The problem was so 
successfully attacked that Faraday may properly be regarded as the pioneer 
investigator of alloy steels. The work definitely received some industrial 
application, and certain of the alloys were made " in the large way " at 
Sheffield. But the death of Faraday's friend, Stodart, in 1823 severed the 
link between the laboratory and the workshop, and the research was aban- 
doned, not, however, wi&out Faraday's labours receiving considerable 
contemporary recognition in France and Russia. 

Faraday records the use of sixteen elements as alloying materials, and it 
is interesting to find that Sir Robert Hadfield has detected twelve of these in 
the specimens examined, namely, carbon, chromium, nickel, copper, gold, 
iron, platinum, rhodium, palladium, silicon, silver, and sulphur. Those 
missing are iridium, osmium, titanium, and tin. Thus, although the speci- 
mens recovered can be only a few of many that Faraday prepared, they 
provide striking evidence of the comprehensive nature of his research. 

The volume is splendidly illustrated with portraits, photomicrographs, 
etc. It is fortunate that this work, in itself a valuable contribution to the 
history of science, has been carried out by one who has devoted a lifetime to 
metallurgical research, and who, in proclaiming Faraday the " Pioneer of 
Alloy Steels," resigns a title that has long been his own by the verdict of his 
scientific contemporaries throughout the world. 

" Union" on p. 16 should read " University." D. McKie. 


Hattontl Beieareh Ooimoil, Bulletin 84. Report of the Cx>mmittee on 
Hydrodynamics. [Pp. 634.] (Washington D.C. ; The National 
Research Council of the Nation^ Academy of Sciences, 1931. Price 
U-5^) 


This work is a veritable encyclopaedia on the history and present state of 
our knowledge of the motion of fluids. It is divided into four parts. Part I 
extends to about one hundred and fifty pages, and summarises classical 
hydrodynamics and the physics of fluids. Part II, somewhat longer, is con- 
cerned with the motion of an incompressible viscous liquid. Part III com- 
prises a hun 4 red and sixty pages and discusses turbulent flow. Part IV, 
with rather less than a hundred pages, deals with compressible fluids. 

The number of references is colossal. Throughout the body of the work 
they are placed in juxtaposition to the topics discussed, a pleasing feature, 
in utat it saves continually turning to the end of the chapter. Yet at the end 
of the book there are no less than eighteen pages of additional references, all 
carefully arranged in accordance with the chapters to which they relate. 
Fintber, there are twenty pages of author index and nine pages of subject 
index. 


This is no hasty compilation; it has taken years to produce. The 
tbopsughness with whidi uie work has been done is ample evidence of the 
, which the authena have brought to bear on tbeir task. I have 

teMateoly tested it by consuitatiem matters of specialised interest, and on 
pqpsri wid^ read. Each test has served to deepen my impression of 
its exndtenee, the most part it is the work of H, Bateman, that exceOent 
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natJiBinirtkiliin aad piadaear of beavtifal faooia, ind it to in mwf way 
one would ocpwit of him, TIw nnmerans dtonnwM an wall dov; tm 
matbematical odntitig baa a rabtia anggaatioa oi afB n ance that taakM con- 
tettu^latioti a tmasoxo in itsdf . 

h^M in the mathematical diacueskm of fluid mo^n 

woifld do weU to get this bulleto whoever contemplates doing reseatchm 

this subject should certainly have access to it ; and whoever acquires w 
book will do wdl to invest the few shfliings that it will cost to have it stoutly 
bound* 

F. E. Rblton. 

BaiAroiif and Wavas* An Introduction to Atomic Fhjiios. By H. Stamlky 
Aiwn, F.R.S., Professor of Natural PhUosophy in the Umversity of 
St. Andrews. [Pp. x + 336.] (London : Macmillan A Co., 193a* 
Price 8r. 6d. net.) 

.This neat little book is in the main intended for readers who have not 
specialised in physics. It presents, in a manner which shows much evidence 
of clear thought and careful selection of material, an outline of the main facts 
and trends of modem physics. It is well printed and effectively iliustratad, 
and the scholarly atmosphere which pervades its pages is bound to appeal to 
the general reader. 

A selection of books for further reading is given in an appendix* On the 
whole, the selection is very good, but one or two books have been included 
which might quite well have been omitted. This, however, is a very smaU 
matter, and we wish the work every success. 

L. F. B. 

Snow Orntals. By W. A. Bbntlsy and W. T. Hvmpkiixys. [Pp. ix + 337, 
with plates.] (London: McGraw-Hiu Publishing Co., 1931. FTm 
is net.) 

Tnis is a beautiful book, a source of wonder and delight, a treasure tolxyth 
science and art. Merely to turn its pages inspires the liveliest pleasure, till 
one Anally stands amazed once more at the inflnite cunning of Nature's 
handiwork. 

It is a record of flfty years' work on the photomicrography of snow and 
ice crystals, carried out with admirable craftsmanship and en'mble patience 
by Mr. W. A. Bentley of Jericho, Vermont. The volume contains some 
twenty-flve hundred different photographs, charmingly reproduced against 
a black background and arranged in order of increasing complexits^but 
it is impossible to do justice to them, or to invoke in the reader of this 
review even a faint reflection of the emotions they call forth. They are 
bxquiaite, fascinating, bewildering, at once a wordless treatise on design and 
the expe^ental basis of the crystallography of ice. 

Looking at these photographs with the eye of a structural crystaUogratdier, 
how strong the impi^ion almost of ignorance I We have deduced the 
atomic arrangement in the hexagonal form of ice, but how remote it seems 
from even the simplest of these elaborate pattemi t How much more 
still remains to be done to interpret completely only one of these thousaiidi 
of manifestations of the architecture of solid water ! 

M but about thirty pages of Snow Crystals are devoted to tiie repro- 
duction of Mr. Bentley's actual photomicrographs. The arrangement and 
brief introductiem are due to Dr. W. J. Humj^reys of the Amertoan Metottro* 
logical Society. The financial difi&culties of the publication have been 
overcome by the generosity of an unnamed benefacm who, together with 
tiiose already mentioned and the McGraw-Hill Publishing Company, has 
thus laid us all, young and old alike, undte a debt of the stooerest grgtltiids^ 

W, T. Aitnimy; 
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VMMBtadi. Unter Mitwirkung zalilmcber 
FadjgononeiL Hmiiflg«g«bet& von C« Drvcxbii und £. Prosiuuxr. 
Bandi. fPp. viii -f 546. mit 292 figuren und 8i tabellen.] (Leiprig: 
Akademische Veriagageaellschaft m.b.H., 1932. Price M. 27*50 broach., 
M. 29 geb.) 

Thb book before os is the first volume of what should prove a popolar and 
useful work. No indication is given of the number of volumes which make 
up the complete work, although some reference is made to a second volume. 
Smce Ihe first volume contains four sections, respectively dealing with the 
structure of matter, optics, electricity, and magnetism, it would appear that 
the work idiould be complete in two volumes. The material collected in the 
first volume has been chosen mainly because of its more immediate importance 
in current thought. 

The purpose of the work is to provide, in a small space, definitions of all 
the implant physical quantities, short descnptions of the methods by which 
these are measured and brief indications of any cognate theories. It is really 
intended to be a kind of guide-book. Consequently, it will be judged by the 
ease with which a reader may obtain a preliminary survey of a principle of 
physics or of a phenomenon in which he is interested at the moment, and by 
the completeness, or, in many cases the choice, of works to which he is advised 
to refer for further details. 

Perhaps this may be made more clear by considering the shortest section, 
on magnetism, contributed by L. C. Glaser. He gives a complete statement 
of the various definitions and units required in magnetism, and then outlines 
the more important methods of measurement of the properties of ferromag- 
netic and of weakly magnetic bodies. Incidentally, he stresses the magnetic 
potentiometer method for the determination of a hysteresis curve, devised 
by Rogowski and Steinhaus ; he appears, however, to think that the instru- 
ment was discovered by them, whereas it was described many years ago by 
Cbattock. Glaser then very briefly reviews the theories of diamagnetism, 
paramagnetism, and ferromagnetism, and his references appear fairly com- 
plete, although no reference is made to the work of Van Vleck. The section 
closes with some interesting tables of magnetic data. 

Naturally, in such a book in the German tongue, suggestions for further 
reading in the more firmly established branches of physics are mainly confined 
to German publications. In the case of the less firmly established branches 
of physics, however, the references to original papers in English and German 
are well balanced and quite adequate. The book should be particularly 
helpful to chemists and physicists whose opportunities for the perusal of 
current periodicals are hmited. 

The reviewer feels that the work could be made even more helpful to all 
classes of reader if space were left for the insertion of further references at the 
end of each sub-section. It often happens that one reads an important paper 
on some branch of physics, of which one would desire to make a permanent 
note for future reference. The book before us is a most excellent place in 
which to enter such notes, and in this way it would be automatically kept 
mofe or less up-to-date We heartily commend the work and look forward 
to the appearance of the second volume. 

L. F. B. 

Wlkr Ponflleti Labrimeh dsr PhSfllk* tx Auflage. Vierter Band-Erster 
Tail. Gtundlagen der Lehre von der Eiektrisitat und dem Mag- 
netismus. [Pp. xxii + 734, with 774 figures.] (Braunschweig : 
Vieweg A Sohn, 2932. Geh. M. 47*50, geb. M. 52.) 

It is very pleasing to record the araearance of the first part of the fourth 
voleeii of tile eb^enth edition of this weU^known work, for it practically 
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marktt the completion of the edition. Originnliy, the edition eme pbrniied bjir 
£neken« lAmmeit, end Waetsnuum, end we agidn expreee our regret tfaet 
Lnmmer hee not lived to eae the wozic completed. 

The fourth volume is cleerly one of very wide tengCi end it is divided into 
four pests. The first two parti are concerned with those branches of elec* 
txicity end magnetism which have not sufiered very revolutionary changes 
shioe the appearance of the tenth edition. The remaining pa:^ deal with 
what is generally, if vaguely, termed modem physics. This division appears 
to have been decided by Prof. Valentiner of Clausthal, who is mainly lespon* 
sible fat the first two parts. 

He has divided the subject-matter of these two parts into five sections, 
which respectively cover tiie phenomena exhibited by constant electric^ 
fields, constant electromagnetic fields, and slowly changing electromagnetic 
fields, electrical machinery, and high-frequency phenomena. The book 
before us deals with the first three of ^ese sections. 

Obviously, in the case of the eleventh edition of a standard work, the 
reviewer's task is mainly to note the steps which have been taken to bring 
the new edition up-to-date, and to make it better than its predecessor. Prof. 
Valentiner has certainly made some veiy important changes and additions. 

He has, for example, given a much more complete treatment of the 
Maxwell theory than is to be found in the tenth edition. Moreover, he has 
described a large number of modem measuring instruments and methods of 
measurement. He has made an attempt to introduce some modem work on 
frictional electricity. He has not omitted some of the lesser-known pheno- 
mena, such as the Johnsen-Rahbek effect, which is briefly outlined, and of 
which a technical application is described. 

The pedagogical value of the book is greatly increased by the inclusion 
of many illustrations of apparatus and experiments recently designed by 
Pohl and others. Considerable pains have been taken to emphasise changes 
in systems of units whenever they occur, and a table is given showing 
factors to be employed in various formulae when a change is made from one 
system of units to another. Presumably, some mention of Tolman's sugges- 
tions concerning units will be made later in the work, when the properties of 
the electron have been described. 

A pleasing feature of the book is the section on the production of strong 
magn^c fields, where some very useful descriptions of m^em dectromagnets 
are given. It is realised, too, that in a book of this kind, hints on experi- 
mental procedure and technique are valuable, and such hints are frequently 
sniped. 

The book is excellently printed and illustrated, and the references to 
original papers are very complete and show no marked bias In favour of 
German sources of information. It is a worthy addition to the literature 
of pb3^8ics. 

L. F. B. 

T h ermton io Bmimion* Department of Scientific and Industrial Research* 
Radio Research Special Report No. iz. (Pp. iv + xt6.] (London: 
H.M. Stationery Office, 1932. Price ax. 6 d. net.) 

On the advice of the Thermionics Committee, the Radio Research Board 
decided to compile a critical survey of the literature of tiiermionies with 
iMcial reference to the filaments of thermionic valves. The neressiry com** 
^lation has been carried out in a very able ma-ifniw and e miv>di e d in 
special report by Dr. W. S. Stiles, 

The report represents a complete summary of all the major pubUcatkms 
on the subject of thermionics up to December 1930. It is conveniently 
divided into nine sections, togetiier with an extensive bibliography en d an 
atttborindex. Ckm 8 equently,ittepostibleiora]te 4 er,intereided,to 
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in tbe Sohottky eltoct« to tom to approjj^te tection and to perose a wdl- 
ordared, condae aocoimt of aB the outstanding papers on this effect. As the 
bibliography is smnged on the dedmal mtra, the reader may insert his 
own and later references concerning the effect in their pre^ sequence. 

The whole survey is extremely valuable and ahnoet inmspensable to new 
worlmrs in this extensive field of research. 

L. F. B. 

OMXMSWtXT. 


An Inteodnelhm to Biodieniistry. By Roogbx J. Williaiis, Fh.D. [Pp. 
xiv 50Z.] (London : Chapman & Hall, 1932. Price 21s,) 

In this book, Biochemistry is interpreted broadly as the study of organisms 
from the chemical point of view. The subject is thus a wide one, and to 
deal with it at all adequately within a volume of 300 pages is therefore a 
task of no small difficulty. "Hie author is to be congratulated on his courage 
and bis success. 

Alter an introduction which outlines the scope of the book and the method 
of treatment, the six sections deal successively with : (1) the composition of 
organisms, (2) their nutritional requirements, (3) the chemical mechanism 
employed by organisms, (4) the metabolism of single cells, (5) the metabolism 
of green pl^ts, and (6) the metabolism of mammals. An appendix gives 
practical details of suitable laboratory experiments for students, along with a 
cxriel survey of the literature of biochemistry. This volume makes no attempt 
to be exhaustive, but at the end of each chapter a list of references to more 
specialised articles is given, so that the student may supplement his know- 
ledge Ity further reading. These references are on the whole well chosen, 
although a reader on tb^ side of the Atlantic might perhaps judge them 
unduly weighted by articles of American origin. Other features of the b^k, 
spellings such as ** color," ** centered," " mollusk," also remind the 
raider of the nationality of the author : however, these are minor matters. 
An attractive feature is the emphasis laid on the unsolved state of many of 
the j^blema discussed, especially the more fundamental problems. 

The reader is constantly zemmded of how little we do know of the vital 
processes and the need and scope for further research. 

The book is not, and does not pretend to be, an advanced manual for the 
specialised research worker, nor a cut-and-dry summary of facts suitable for 
examination cra mmin g. It is, however, a book which should prove useful 
particularly to the man who, in his fourth year or after taking his degree in 
general chemistry, wishes an introductory account of the more specialised 
subject biochemistry, or to the worker in some particular branch of applied 
chemistry who finds that a general knowledge of biochemistry would be 
helpful to him. 

W. O. Kxrmack. 


AleohoBo fenoin t i t ton. By Arthur Harden, Ph.D., D.Sc., LL.D., F.R.S. 

Fourth Edition, ppp. vii 4- 243.] (London : Longmans, Green A 

Co., I 93 ** 

Tta nine years which have elapsed since the last edition of this monograph 
hnve been a peciod of considerable au^tivity in the investigation of the problems 
oonnected with alcoholic fermentation ; and although the author does not 
claim to give a complete account of the work published in this interval, he 
bea aeveortheless found it necessary to increase &e sise of the book by nearly 
fl^ pages. The chapters which are chiefly concerned in this increase are 
tiboee d^ted to the function of phosphates in alcoholic fermentation and 
tte otimnical changes involved in fermentation. Since the discovery by 
Kitdiin end Young of a hexosediphosphate in yeast juice fermentation, 
ghio^ fructose* and trehalosemonophoq;>hate have been isolated from such 
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lermiiiitRtk^ and bexosa momoh tad di^phoefidbotfe addi have bean i adatad 
ftxmi miiaole> wbila a heatoae moiioidKMpboric acid has alio beaii obtained by 
partial bydrolyBia of hexose dipt^bate. The methoda of iaolatkai and 
duoxcterhuition of these vahoos sabi&ncea are fully described and the vaxioui 
Vieira on their function are also given. All ^lose who are not actually 
engaged in work on fermentation, but wish to be kept informed as to the 
latuet developments, will be grateful to the author for having selected the 
really essential points from an almost bewildering amount of literature, a list 
of which occupies thirty'^ight pages at the end of the book. ^ ^ 

Bfgabiiiaia der Emymlonohnng. Herausgegeben von F. F. Nokd und R. 
WsiDBKHAGSN. Vol. I. [Pp. xi + 377* ^ith 63 figures.] (Leipsig r 
Akademische Verlagsgesellschaft m.b.H., 1932. Price 27 M. (un- 
bound)). 

Tms is a collection of essays by sixteen different authors written in English, 
Frmch, or German. The editors in their preface slate that they intend 
publiiJ^g from time to time a collection of such reports on various aspects 
of enryme investigation ; these reports are not intended to summarise the 
literature of their respective subjects, but to present special accounts of the 
work upon which the writers are themselves engaged. While it is not 
possible to give a complete list of the titles of the sixteen contributions, it 
should be stated that the subject has been treated on broad lines with due 
consideration of general principles ; thus there are articles on Thermo- 
dynamics of Cell Reactions by Elhs Fulmer, on Signification des potentiels 
d^oxydo-r^duction pour les reactions enrymatiques by Ren6 Wurmser, on 
Mechanismus der Enzymwirkung by A. Fodor, on Phy8ikali8ch<chemiache 
Vorgfinge bei Enzymreaktionen by F. F. Nord, while special aspects are 
catmd for in articles on Proteolytische Enzyme des Tier und Pflanzenreiches 
by W. Grassmann, Bacterial Enzyme Reactions by J. H. Quastel, Crystalline 
Pepsin by John H. Northrop, Das Sauerstofffibertragende Fenrttent der 
Atmung by Albert Reid, and tne Biochemistry of the Lower Fungi ly 
Harold Raistnek. The volume, which is nicely produced and clearly pttiktita, 
contains a mass of information which should be consulted by aU who wish to 
obtain in easily accessible form authoritative accounts of the subjects dealt 


Ubrihnr Baoteria. A Monograph. By David Elus, D.Sc. (Loud.), Ph.D. 

(Marburg), F.R.S,E. [Pp. ix 4 * 261, with illustrations.} (London : 

Longmans, Green A Co., 2932. Price 2x2. net.) 

In this monograph there is presented for the first time a comprehensive 
account in English of the sulphur bacteria, a group which is interpreted W 
the author as embracing '' only those organisms which oxidise H«S to S, 
store the latter temporarily in their bodies and then oxidise it to— SO*/* 
Thus four classes of bacteria which are concerned with sulphur metaboUsti4 
but do not actually store sulphur at any time, are not included in the group. 
The four classes referred to are : (i) the Thiosulphate Bacteria, which 
tUosulphatee ; (2) the denitrifying Thiosulphate Bacteria, which off jd i ee 
tliioeulphates, sulphites, sulphui^t^ hydrogen or sulphur to sulphates by 
means of oxygen obtained from the reduction of nitrates ; (3) Sulpbate^Mduo- 
lug Bacteria : and (4) Saprophytic Bacteria, which libmte sulplmiettiil 
hydrogen from the organic molecule. 

Even with this limitation of the field the sulphur bacteria, as here defined^ 
iOm a very extensive group which have occupied the attentioii many 
wolfem hi a number of different countries, as ii to be expected from thw 
widegeogmpbical diitijbttt^ la spite cd the amoimt of work carried out 
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thiffi k$ s.coniid m hia divcrgaoee of o|Aiton ai to their metabollim, Wbile 
viMter tuitml oottditiotiA stdplitir bacbsm ax« Icmnd in presence of quantities 
olimmkiaatter, inany nuuiovs ingaurd or»udc matter as imesaeati^ 
devdopiiieiit ; while they may not aasiinuate organic matter as such* they 
must dEsrtvo nourishment from the products of decomposition of such organic 
matter ; while Bavendamm, from observations on pure cultures, came to the 
conclusion that under no circumstances is organic matter used as a source of 
nitrogen, the author points out that Bavendamm's cultures did not show 
the same healthy growths which characterise growtlu in nature, a remark 
which applies with equal force to his own observations on the grovrth of 
Thiopcrpkyra valutans in a medium from which organic matter was eacduded. 
With regard to carbon, Bavendamm in Holland and Skene in this country 
have shown that atmospheric carbon dioxide completely suffices for the 
carbon requirements of sulphur bacteria, but it has still to be proved that 
under other circumstances they are unable to make use of carbon in any 
other form of combination. Concerning the absorption of sulphuretted 
hydrogen and its function it is shown that this substance is not a food and that 
its conversion to sulphur does not liberate energy, and it is therefore suggested 
that it acts as an adjunct in the respiration process and is part of a medumism 
for transferring energy from a 1 ^ to a more available condition. While 
Winogradsky, Skene, and Bavendamm maintain that sulphuretted hydrogen 
is indiiqpensable to the growth of the bacteria they examined, both Molisch 
and the present author have shown for difEerent spedes of Chromatium that 
they could multiply in the complete absence of this gas. These facts indicate 
that the sulphur bacteria can derive energy in more than one way and the 
author suggests the term pleoenergism to indicate this in the same way as 
|>leomorphism is used to express the tendency of the same organism to occur 
m more than one form, according to drcumstances. 

After devoting a chapter to the culture of sulphur bacteria the author 
reviews the various existing classifications associated with the names of 
Winogradsky, Molisch, Orla Jensen, and Buchanan, criticising each in turn, 
and fina^ proposes one of his own, which he follows in the sptmnAtic descrip- 
turn which extends over four diapters. The basis of the classification is the 
division into the two groups of Colourless or Lemo-Thiohacteria and Coloured 
Of Rhod<hThiobactm0, while Molisch included in his dassificaticm only the latter 
group. A short chapter at the end of the book is devoted to the colouring 
matter of these bacteria. In addition there are chapters devoted to the 
Intimate Structure of the Cell, to Irritability, Influence of Light and Chemio- 
tactic Phenomena, as wdl as to the mechaidcs of ciliary movement and the 
Phylogeny of the Sulfur Bacteria. It will be seen from what has been said 
that the subject has been dealt with in a comprehensive manner ; the book 
is well produced and contains a number of very dear illustrationi which add 
greatly to the value of a most interesting and mstructive monograph. 

P. H. 


iwS iieMuHiwi Iq Agiknittiifil By R. Adams Dutcbxr, 

Professor of Agricultural and Biological C^mistry, and Dennis E. 
Haley, ProfesMir of Soil and cytochemistry. [Pp. x + 484.} 
(New York : John Wiley A Sons, X93a. Price zBs. net.) 


An explained in the preface, this book is a development of lectures delivered 
ngnevJtixral students over a period of nearly twenty years, and it must be 
adcmked that such a course, il properly mastered* should form a valuable 
oqripmmi to anyone intending to pursue an agricultural calling. It is, how- 
— , perhsps permissible to question whether some of the subjects dealt with 
pmfy be called Biocbwiistry. A perusal of the book leaves the ixn- 
that rather too much has been induded under one cover, with the 
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rawqtt thst ioai» tactioos have beep uttditly com p r ii Bi e d . Oik th^ otlw 
tli0 MtlkQtf «tatd tiiat they biLve mdeavoimd tp fimphaiite iiaportwoi 
<rf fldpiiiifio tmmtdtx mod to improM tmon tbe mtowat that be thonld not 
accept attthioM as ftcte bat should realise that there axe stiUmaii^ 
amitina solimon. The book is divided into three parts» of which the drst 
is entltied Gtsneral and Introdactoiy ; this opens with a chapter on tiie 
development of agncoltoral chemistry, and contains chapters on the carbo^ 
hydrates, fats and proteins which follow more or less conventional lines, 
vmile in addition ttoe are two welhwritten chapters on the chemistry of 
living matter and the physical state of matter which contain in concise 
form the essentialpoints which a student should know. The second part, 
dealing with the Pumt, is the largest of the three sections of the book ; it 
opens with a chapter on Seed Gennination» in which the various aspects of 
this phenomenon are set forth so as to present a clear picture of the whole 
question ; then follows a useful account of the soil as regards its origin and 
composition, the availability of its nutrients, its physical properties and its 
bM^cal processes. Other chapters deal with the atmosphere, insecticides 
and fungicides, etc., photo83mthe3is and respiration. The third part is 
devoted to the Animal ; it contains chapters on the physiology of digestion, 
protein and carbohydrate metabolism, protein quality and vitamins, each of 
five latter receiving a special chapter. The book contains much that is 
of interest and many valuable data in support of the statements made in the 
text, but the attempt to crowd so much information into a limited space has 
resulted in some ox the accounts lacking in sufficient detail to be entirely 
clear to those not already faxniliar with subject. 

p. a 


Modstn Hettiods in Quiatitalive Oh e mioal Analysis. By A. D. Mitchsu. 
and A. M. Ward. pPp. x -h 178.] (London : Longmans, Green A 
Co., 1932. Price 6s.) 

Das. Mxtchbix and Ward have produced a very useful book which has made 
available at an almost negligible cost all the most valuable of the modem 
methods of quantitative inorganic analysis. The book, therefore, is a supple- 
ment to the large standard works on quantitative an^ysis which by reason 
of their sise are inevitably some years behind the times. 

A number of methods of wide application are discussed ; for example, thoee 
depending on the formation of positive halogen ions, on the use of absorption 
indicators and on the Reductor.'' These are followed by modem methods 
of estimation of some forty-four elements and twenty-four radicals and com- 
pounds, including a few organic substances such as urea and fonnaldehyde. 
Ekctro-metric methods have been excluded. The great majority of the 
processes described have been tested by the authors, who have introduced 
modifications where found desirable ; full references are, however, given to 
the original literature. The work is therefore critical and no mere compila- 
tion, a most important consideration. As many of these methods have bm 
devimd to facilitate analytical work, it is difficult to see how any chemist can 
afiord to be without this valuable reference book on his shelves. Apart from 
its obi^ value to those engaged on analytical work, research workers in 
many fields will find it will help with some of the frequent analytical difficul- 
ties they encounter; students and teachers of analytical chemmv will find 
it of use to supplement the classical methods, sm^f whichTp^pe, have 
a reputation founded more on antiquity than accuracy or convenience ; whUe 
the theoretical ideas on which many of the methods depend must be of 
interest to all effien^ts who realise that accurate quantitative work is itiU 
ImI* of their scienice. 

0# Xm, b» 
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A fnMMiok 0I Oqiflio Oti(WwHltnr> By Jutros Schmidt. EnglUAi edition 
^ H, Gokdoji Ritlh. Second edition, revised and enlarged* 
tPp. andii 4* S43J (London : Gurney A Jackson, 1932. Price 
ess. net.) 


The appearance of a second edition of this work indicates that it has met a 
dMnand ; this is not surprising, owini^ to its pronounced merits and the 
shortage of textbooks of organic chenuatry in Bngl^h which deal with the 
subject in more than an elementary manner. The book is dearly and 
interestingly written and has been brought up-to-date as regards the descrip- 
tive matter, but it treats the subject practically entirely on classical lines. 
This is no doubt desirable for elements^ students, but does not justify the 
claim on the dust-cover that it is suitable as a routine textbook for honours 
students of chemistry. Though it would be impossible in a book of this kind 
to introduce electronic explanations of all the organic phenomena mentioned, 
this aspect of organic chemistry is so much in the mind now that a little more 
about it would have been an advantage ; it hardly seems worth while to 
devote more than a page to Fldrscheim's and Holleman's theories of benzene 
substitution and then give a number of references only to the electronic 
theories. 

In dealing with a general textbook it is inevitable that the reviewer will 
apply the test of looking up subjects on which he has pronounced views on 
the method of treatment. In this rather severe ordeal the book is not dis- 
appointing. The treatment of stereo-chemistry is sound. The relation 
between optical isomerism and molecular asymmetry is clearly brought out, 
though it IS perhaps not sufficiently emphasised that the type of compound 
with four dissimilar groups attached to a carbon atom is a special case of the 
general proposition. The geometrical isomerism of the oximes is given 
rather more space than it deserves in comparison with that of carbon com- 
pounds. The former is a complicated problem of less importance to under- 
graduates than a clear understanding of the simple cases of the maleinoid 
and fumaroid type. The cis- or trans-elimination or group migration in 
oximes and the problems of configuration are confusing to the student when 
no adequate discussion of the problem of the configuration and behaviour of 
maleic and fumaric acids is given. The old error which has been copied from 
textbook to textbook for yeaxn, that one isomeric aldoxime loses water more 
readily than the other crops up once again. 

In the account of melting-points, some qualification is needed of the 
statement that two substances are identical when a mixture of the two in 
any proportions has the same melting-point as either of the pure substances. 

These, however, are minor criticisms ; the book is excellently produced, 
contains much information attractively and accurately presented and can 
be warmly recommended as a textbook of descriptive organic chemis^. 

CBiamleal Bncyolopiadia. A Digest ol Ohemistnr and its Industrial AppUea* 
tioiis. By C. T. Kingzett, F.I.C., F.C.S., one of the original founders 
of the Institute of Chemistry. Fifth Edition. [Pp. viii 4- 1,014.] 
(London : Balli^e, Tindall A Cox, 1932. Price 405. net.) 

Fiest published in 1919, this book has now attained to a fifth edition, which 
is sufficient proof that it supplies a want and has presumably justified the 
author's auction — enressed in the preface to the third edition — '* to 
poptilariae tine study of chemistry end advance its applications to industry 
Erittiin the Empire/* As a handy book ol reference on quite a number of 
ittfejects or to explain trade names or trivial names of many products, it may 
be ooQSulted in the first instance, and a number of the longer articles are 
quilE well written, but the attempt in these days, to condense an encyd>* 
^ obemistry into t ,000 odd pages is bound to invite critidsm, and many 
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of tin utidM tacb u thow on Foree, Food, Vagotatioii^ etc., tekea Mt 
Mndon. Tei{aise to be reed witii dieoriininetloa. In ne&y ciumm tbe mb* 
•tnee of tin actkle baa been lai^gdy leplaced by an i} 14 >alaaoed akecUey of 
referencea to diort articlea from journals ; in this roqiect the articles on 
UbehaBiistry and X>rays stand ont ; it would be difficult, for example, from 
tike latter to gather who were the chief contributors to our knowledge of 
X<«ay q^ectra. 

Qcgaale (bBtiMMS. OoUeottfeTohiiikeL BsiagaBeviMlBditimiolAiuNial 
VofnillM I-ZK. [Pp. ix. + 564.] (New York : John Wiley & Sons, 
Inc., 1932. 1 /mdon : Chapman & Hall. Price 375. 6d.) 

To organic chemists the separate annual parts of Organic Syntktus have 
became *»»wtii«T u the standard authority for the best methods of preparing 
the compound they deal with. Starting in 1921, the eleventh volume was 
puUlkhM in 1931. and now the editorial board have thought fit to repnblirik the 
first nine volumes, having thoroughly revised the material contain^ in them. 
The 260-odd preparations have been arranged in alphabetical ordw, but for 
ctmvenieace of reference five different indexes furnished with thumb-index 
marln are provided. The first of these is a Type of Reaction Index, in which 
preparations are grouped under such headings as Halogenation, Oxidation, 
etc. T^ is fddowed by a Type of Compound Index, a Formula Index, of 
use in tracing compounds havmg more than one name, an Illustration Index, 
and a ^noul Index. From the above it will be seen that no pains have 
been spared to make this a most valuable and easily used reference book. 
It is imposed that the next Collective Index shall comprise preparations 
ahwady published, or about to be published, m Volumes X to XIX inclntive. 

P. H. 

An Inteofinotion to the Sdentiflo Stady of the SoQ. By Norman H. Comber, 

D.Sc. tixmd.), A.R.C.S., F.I.C., Professor of Agricultural Chemistry 
in the University of Le^. Second Edition. [Pp. 208.] (London : 
Edward Arnold & Co., 1932. Ikice js. 6d.) 

Tbb first edition of this very bandy little volume was published in 1927 and 
reviewed at tbe time in these columns. Tbe scope and sire of toe book 
remain practically unaltered, but it has been brought up-to-date where 
necessary. The chief additions or alterations are concerned with Soil 
Microbiology, of which a somewhat fuller account is given, and with 
Mechanical Analysia — a subject which has been in a state of flux in recent 
jFears. Other additions are concerned with the water relations of soil, wito 
special reference to capillarity, with Kappen's clasaification of soil acidity— 
a highly controversial subject— and wito an account of the recent German 
tnetoods of Neuberg and Mitscherlich respectively for determining mannrial 
ssquirament of plants. The Short Appendix A on colloids has been recast, 
and the Append B on Surface Tension and capillarity has been removed. 
The Uttle book may be recommended as a very readable and instructive 
summary of toe subject which will serve admirably as an introduction for 
students of agriculture, famticulture, and of eccdogy. 

P, H. 

foftk IMt Olfgiii. OoBstitutfon, and caaasMIsaflon. An Introduetion to 

fsdslogy. By Giuucrt Wooding Robinson, M.A., Professor of 
Agrioultnral Oiemistry in the University C(dlo|a of North Walea, 
Bangor. pPp. xiv + 390.] (London : ‘niomas Marby A Co., 1932. 
Price 205 . net.) 

Tn tiidnaian in tiie snb-titie of the term Pedology is significant as a stsp in 
the dfareetion of overcoming the reluctance of workers in this oouafiep to 
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niooffipt this iPTord for tha study of the soil as a definite branch ol natural 
phUmj^hy. The increased interest in soil problema during recent years 
and new outlook upon them* resulting largely from the work ox the 
Russian School, has enlarged the scope of the subject to such an extent that 
the author has felt himsSU constrained only to attempt a general review of 
the subject, but it may be said at once that it is a very efiective and compre- 
hensive one. The opening chapter, entitled Introductory, sets forth with 
commendable clarity the scope and purpose of the "new" science and 
forms an efiective refutation of the quotation from Dan Quixote which the 
author modestly quotes against himself to the efiect that he propounds some- 
thing and concludes nothing." The book is divided into nineteen chapters, 
of widch the first eight are devoted to the origin, constitution, and properties 
of the soil ; then follow six chapters dealing with a description of the chief 
soil groups of the world, while the next two chapters are concerned with the 
clas^cation and geographical distribution of soils. The three remaining chap- 
ters deal with Soil Surve3r8. Soil Analysts, and the Interrelationships of Soils. 
Plant Growth, and Agriculture. The outlook of the book is quite definitely 
not utilitarian, and is perhaps best reflected by quoting the author's own 
words taken from the last chapter. " We have consciously refrained from 
presenting the problems of the soil from the standpoint of crop production 
. . . partly because a satisfactc^ apprehension of the nature of the contract 
between the soil and the living plant must be preceded by a thorough 
understanding of the constitution of the soil." There is much information 
to be found in these pages which cannot be found in any other book published 
in this country, and an unique feature is an attempt to review the soils of the 
world, thereby supplying a useful source of reference to the types met with in 
diflerent countries. The book will be welcomed alike by geologists, botanists, 
and ecologists, as a valuable addition to the literature of soil science. 

KH. 


The Heit-lkggtnMiit and Annealing o! Alnmtninm and its Alloys. By 

N. F. Budgsn. [Pp. xvii 341, with 231 figures,] (London: 

Chapman and Hall. 1932. Price 25s. net.) 

Thx title of this book may appear redundant, as annealing is obviously a 
common type of heat-treatment, but the author has thought it advisable to 
include the term " Annealing " in the title because in the aluminium industry 
the general term " Heat-treatment " is commonly used in a restricted sense, 
being applied only to hardening and strengthening processes. 

It is only about twenty years since the discovery was made that the 
strength of some aluminium alloys could be increased greatly by a certain 
kind of heat-treatment, but the discovery has been used to so much advantage 
that a wide range of eXloys has been placed at the disposal of engineers, 
combining the lightness of alnminium with mechanical properties comparable 
to those of mild steel. Heat-treatment was applied first to wrought alloys 
only ; its application to cast material dates back only a few years, but is now 
becoming comparatively common, though not nearly common enongh to 
justify the author's statement that " a relatively small bulk of the ordmary 
ootumercial castings are used unheat-treated. . . 

The book is clearly written, axvd does just what the title suggests. It 
describes the theory of heat-treatment of aluminium and its alloys, and 
Cxpla^ dearly the advantages of the various processes, as applied lx>th to 
cast and wrought material. The author has aimed at maikmg the book 
useful to practical metallurgists, and therefore gives details of the heat** 
tfeatment conditions (time, temperature, etc.) most suitable for the numerous 
iKSkUnevdsl alloys, axid de^b^ the types of equipment that have proved 
•siMiCtory in pnctice. A oommendabto feature cn this section of book 
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ia that the inlormatioii k realty np-tcniate. The theoretical part of the eob* 
jact is adeqoatdy treated, and is illnstrated with ntuneroiis ineceQent {Aoto* 
inicrographs, which, however, lose some ol their value through being too 
briefly dMcribed. 

Tm book can be confldently recommended to all those interested in light 


alloys* 


M. S* Fxsbbe. 


Vioieottve FOmi on Metals* By Ernbst S. Hbdgbs, D.Sc. [Pp. xi + 2^6, 
with 23 text-flgures.] (London: Chapman & Hall, 1932. Price 
135. net.) 

This book is the fifth volume of a series of monographs on applied chemistyy, 
and the author throughout has kept the book on the practical basis impli^ 
by this description. There can be few subjects in which a monograph of this 
description is more desirable, both on account of the great variety of purposes 
for which some knowledge of the methods by which a metal may be protected 
from corrosion is desirable, and also because it must be rare for the relevant 
material to be so scattered throughout the literature of the scientific journals 
and the patent specifications of the world. 

An introductory chapter gives a summary of the present views on the 
of corrosion, and immediately introduces the idea which is as* 
cribed to Faraday, that a metalsuch as iron is protected from further corrosion 
by a sldn of its oxide. Incidentally, as Prof. Rideal recently pomted out, 
this idea was first put forward by Boyle, and such a skin was actually isolated 
by him. The j^incipal thesis of the chapter is that there are very many ways 
in which corrosion may be induced, not the least of them being the incomplete 
application of a protective film. 

A more detailed description is then given of the protective effects of 
oxygen in covering the metal with a film of oxide, together with that of the 
isolation and the properties of this film. Some account is given of the tarnish* 
ing of most of the common metals, but in some cases at least this seems 
rather incomplete ; for example, while the author quotes the rather curious 
observations of Feitknecbt, that the ** parabolic law " breaks down for copper 
wires, liie explanations given by Willt^ and others is not mentioned. The 
impression is given that in many cases the rate of oxidation is controlled hy 
more than the rate of diflusion of oxygen through the oxide film, but it seems 
to the reviewer that the evidence for this depends more on the failure to find 
an expression determining the rate of difiusion of the gas through such a 
conmlex system as the irregular oxide layer, than on any experimental lact. 

The two chapters devoted to corrosion in liquid B3mtem8 contain, amongst 
other things, an interesting discussion of the passive state of iron axKl other 
metals in which the great mass of material has been particularly well brought 
together. The same applies to the section of anodic passivity, in wluch 
MfiUer'e theory and the steps by which the x>a8sivity of metals has been 
identified with the formation of a protective film are traced. 

The first two-thirds of the book are of a primarily general and theoretical 
nature, but the end of the book is predominatingly practical. Here may be 
found descriptions of the methods adopted for protecting metals by the various 
technical processes of hot-dipping, electroplating, cementation, or giving the 
metal an artificial covering of another metal, point, lacquer, enamel, etc. 
Thiere are a good many practical details given here which are likely to be of 
great service to many people, and the reviewer noticed a number of points 
whkh might usefully be known to every worker in a lidxxratory. It is very • 
cieerly and compactly written. 

60 far no mention has been made of the many cases of periodic chemical 
ohaAga which are included among the many corrosion phenomena. It was 
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not to bo oMected that Dr. Hedges* who has done so much of this mterastiug 
work hiuuttu* would omit some account of the relevant points* and the 
reviewer these passages with particular pleasure. 

O. H. W..J. 

The Dorniaa IqiiiUhrii. ani fhdr Applioation to Ch emi c al, Phfsiological, and 
Teiflmiott Fcooaisaa. By T* R. Bolam, M.Sc., D.Sc. [Pp. vi + 154* 
with 12 figures.] (London : G. Bell & Sons* 1932. Price 9s. net.) 

BnroRB examining this book, the reviewer doubted the jpossibility of writing 
a coherent and useful book covering the many applications of the Donnan 
Equilibrium Theory, that is to say, of including all the manifold cases in which 
an efEect due to the separation of electrolytes by a membrane that is not 
permeable to all the ions present, is to be considered. Dr. Bolam's book 
resolves these doubts, and the book is certainly interesting and useful, but 
the author prefers to make the book a connected account of a great many of 
the cases involved, rather than a comprehensive summary of all the possible 
applications. Of the wisdom of his choice there can be no doubt. 

Of the four chapters, the first is a very good elementary introduction to 
the theory of the effect. The important point, that the physical existence of 
a membrane is quite immaterial, provided there is some constraint on the 
diffusion of the ions, is so stressed that there is no reason why it should be 
overlooked in the future. The simple chemical applications which served to 
establish the validity of the thermodynamical treatment are discussed at 
length in the second chapter, and from the point of view of the student 
this is the most useful part of the book, since the concrete instances are much 
easier to grasp than the ideas of the theory. 

The liwt two chapters deal with the practical applications, and it is here 
that a selection from the numerous possible cases has been m^e. Amongst 
the subjects treated are the electrolyte distribution in the blood between cells 
and serum, and in other body fluids, an interesting account of the swelling 
of gels, including cotton fibres and leather, and certain purely physico- 
chemiod applications, such as the ultra^centrifuge,'' the viscosity of protein 
solutions, and electrokinetic potentials and cataphoretic velocity are dis- 
cussed. The few pages devoted to each of these subjects are always suffl- 
cientlv to the point to justify their inclusion, and suf&ciently complete to be 
valuable. 

This must have been a very difficult book to write and the author must 
be congratulated on his success in making it so interesting. Messrs. BcU 
have done their share in making it attractive. 

O. H. W.-J. 

Potontioiiietrio TttraUoiis. A Theoretioal rad Piraotiefil Kreatise. By I. M. 

Kolthoff and N. Howell Furman, Ph.D. Second Edition. [Pp. 
xiv + 482, with 74 text-figures.] (New York : John Wiley A Sons. 
London ; Chapman ft Hall, 1931. Price 365. net.) 

Smes potentiometric titrations form the most important of the electro- 
metric titrations, and since Prof. Kolt±ioff has probably done more than 
anyone to make this so, any book on this subject vrith his name on the back 
is assured of a welcome. This is a second edition of his book that was first 
published in 1926, and contains all that is new since that time. To prevent 
the book from becoming too unwieldy, the authors have omitted the original 
Ant three chapters, which contained a general introduction to the principles 
ol Volunletric Analysis, in favour of an introductory chapter on Electrode 
litrationi and Potentiometric Titrations. This change will probably be 
generally thought to be desirable, especially since this new ^apter is a 
MTticularb^ good one, brief though it is. The next three chapters are all 
ueore or less theoretical, and are also elementary : the authors obviously 
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nigr^tted tfaat did fiot Ittd 

df tha idna, and tms tngrat is shared by the reviewer* la two short psssapee 
cmly is it mentioned thatthe concentmUons of the ions are not thedetotniaiag 
factors^ bat rather the activities. On p. 3 it is stated that " this diffmnce 
k not usually very significant in potentiometric titrations/* and later (p. aoz) 
of the difference between the true hydrom-ion activity and the pH as usually 
calculated ** the question is not of practical importance/* Certainly no great 
error can ever be introduced in this way, and if this book is primarily intended 
as a practical manual, this omission is not only desirable but necessary, but 
sinoe to the reviewer, at all events, the book is so much more than this, he 
widies that a little more space had been devoted to this question and some 
discussion given of the order of magnitude of the error likely to be introduced. 

Certainly as a practical manual on the subject it would be next to impos- 
sible to excel this book. Part 2 of the book, containing over seventy pag^, is 
devoted to a general discussion of the technique of potentiometric titrations, 
and the reviewer has found in practice that the descriptions of the methods 
that are given are sufficiently clear and detailed as to render any search oi the 
origirtal papers redundant. Part 3, entitled “ Practical Applications,** makes 
up the greatest part of the book, and includes a detailed discussion of all the 
better-known potentiometric titrations, with references to, and short des- 
criptions of, a host of more obscure ones. So numerous are these latter that 
<me cannot help believing that a great number of routine works analyses, now 
carried out with indicators, could be better carried out by the methods 
described here. It may well be that this new edition will serve further to 
Widen the use of this very convenient technique. 

The book is concluded by some forty pages of bibliography, some useful 
tatdes, and a really excellent index, which seemed on trial to be complete 
without being cumbrous, and to involve a minimum of time in finding the 
particular titration required. It is clear that this book is required in all 
research laboratories and in all laboratories where inorganic estimations are 
carried out in any number. It is very well produced, as, it must be admitted, 
its price demands. 

O. H. W.-J. 

OlOUNIT. ^ 

Oaology of Petroleam. By W. H. Emmons. Second Edition. [Pp. xi <f 736, 
with 435 figures,] (London : McGraw-Hill Publishing Co., Ltd., X93r* 
Price 3oir. net.) 

Thb first edition of this work was published in 1921, but oil-field developments 
Uld the study of oil geology move so rapidly that this second edition is, to all 
intents and purposes, a new book. All the chapters have been re-written, 
half the former illustrations have been discarded and have been replaced by 
some 350 maps, cross-sections, and other figures. The book is primarily 
intended to serve as a textbook of the geology of petroleum, natural gas, and 
related materials, and secondarily as a compendium or manual relati^ to 
the geology and deposits of specific oil-bearing areas. It fulfils both these 
objects exceUentiy and with close regard to the needs of students. 

The first half of the book is occupied by general matter dealing w i t h the 
snrfkce indications, properties, and origin of petroleum ; the openiligs in 
rodcs, and the characters of reservoir and cap rocks ; the modes of accnmula<« 
tkm of petroleum, and the structural features of oil and gas reservoirs. The 
mamping of oil strata and logging of wells ; the behaviour of w^ and 
xOmwm to rock pressure ; and the deformation of petroliferous stfita in 
relatkya to carbon ratios of associated coals, form the subjects of fnrtlier 
chapters. 

%1ie i wm ti nd ftr of tho book deals with the gecdogy of tiie oQ^fiddi of tbo 
wadd. Matitnaiy,KorthAnietka,whkhprovidM 7 jii«rc«tt.oftlMWodd'tatt, 
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occapiet » 6 vmeli«|>tere out of twriv« devoted to iitis subject ; but en attempt 
has been made to deal with geologically intereatiiig and inetrnctive oil-hdde 
in dfaHegatd ol their commercial importance. All the accounts are clear, 
concise, and entremely well illustrated by maps^ sections, and diagrams. 

In bis preface the author provides a si^ous warning concerning the future 
of the world's oil-supply, and especially the situation in the United States. 
Many of the greatest fields in the Wter country are now draining oil from the 
deep^ possible reservoirs, and no geological work however skUlful, and no 
improvement in drilling and recovery technique however revolutionary, 
mmce it possible to obtain oil below many of the horizons that are now being 
exploited. The condusion is that a very serious shortage of oil will occur in 
a few decades, especially in North America, where development and 
exhaustion are far more advanced than in other continents. Measures 
should be taken at once for conservation and rationing of oil-supplies. 

This very comprehensive and useful textbook is provided with a good 
iUdex, and is well printed and produced. While the illustrations are excellent, 
the t}^ used on a few of the maps is so small as to be difficult to read. 

G. W. T. 

ItaiMitaolOptied An Introduction to Hierocoopte 

Part L Pfinoiplec and lletlioda. Fourth Edition, Revised and 
Enlarged. By A. N. Winchsll. fPp. xii -f 248, with 270 illustra- 
tions.] (New York : J. Wiley & Sons ; London : Chapman A Halt, 
1931. ftice 215 . net.) 

Tub third edition of this standard work was reviewed in Scisncb Progress, 
October 1929* p* 354 * The lapse of only three years before a fourth edition 
was called for is a Mbute to the value of Prof. Winchell's textbook. The 
most important advance in the mineralogical field covered by this book 
during the interval has been the continued improvement of methods for 
measuring indices of refraction by immersion liquids. This improvement 
involves not only modifications of apparatus and technique in the use of the 
doable variation method of measuring refractive indices, but also a modifica- 
tion of the Federof universal stage which makes for greater simplicity in its 
manipulation. Consequently, this edition includes considerable changes and 
addibons in the final chapter which deals with the universal stage, but onty 
minor changes and corrections in the main body of the work. Prof. R. ( 5 . 
Emmons, who has been mainly responsible for the improvements in apparatus 
and technique, has contributed a valuable section on the use of graphic 
methods for the improved universal stage, in illustration of which four excellent 
plates are enclosed in a pocket on the back cover. This work well holds its 
own as the best available textbook for the advanced student of optical 
mineralogy. q ^ j 

k Miniud ol Determinative Miaertlogy. With Tables for the Determination 
of Minerals. By J. V. Lewis. Fourth Edition, revised by A. C. 
Hawkins. [Pp. ix + 230, with 76 figures.] (New York : J. Wiley 
k Sons ; London : Chapman St Hall, 1931. Ftioe x8s. net.) 

Tbb fourth edition of this wdl-known manual has been prepared by Prof. 
A. C. Hawkins, of Rutgers University. The book is divided into two main 
•ectiems dealing respectively with physical properties ol determinative value, 
and determination by blowpipe tests. Tables on the above two bases occupy 
most of the book. The principal basis of classification in the physical tames 
tothe ikature of the streak. Very careful deacriptiona of the various blowpipe 
and chrunicai tests of minerals are given, and the special difficulties of students 
mir to the Sttbiect are kept well in view. The blowpipe tables are based 
ikSt the pcNaession or nm of metallic lustre, secondly, on the fusibility, the 
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other tests loUowteg ih proper order. The miiMtfile ise flnaHsr teibidetedi 
eccorditig to their crvstel system, lustre, aod hsidnese, with ctoso^reiereDeie 
to the t£3rsical and blowpipe tables. book closes with a good glocsary 
aad teu iaadecK. It strikes ztit reviewer as one of tee most useful m an u als of 
determinative mineralogy teat he has seen. 

a W. T. 

ftetemiinatlcm ol the Opaque lUnscill!*' By C. M. Farmham. [Pp. vii 4- S56.] 
(London: McGraw-Hill Publishing Co., Ltd., 1031. Price ijs. 6 i. 
net.) 

Tide microscopy of minerals which are transparent in thin section has reached 
a very high stege of development. It is now the turn of tee opaque minerals 
which are not amenable to many of the modes of determination used for 
transparent varieties. The methods used for opaque minerals have been 
developed mainly in the United States under Graton and his collaborators 
(Harvard), and in Germany under Schneiderhdhn (Freiburg), and Ramdohr 
(Aachen), whence most of the manuals and textbooks dealing with the 
object have emanated. 

Famham's book follows the plan of its predecessor by Davy and Famham, 
but presents a much fuller treatment. The opaque ore minerals are polished, 
and examined by the metallurgical microscope, whereby their optical pro- 
perties under vertical illumination by reflected light are determined. Certain 
physicaltind xnicro-cbemical characters are also utilised in their identiflcation. 

book begins with a section on technique of preparation and examination 
of samples, followed by no pages of short descriptions of over 200 opaque 
minerals. The main determinative tables which follow occupy 32 pages, and 
are based on etch reactions with various chemicals. The book condudes with 
numerous supplementary tables, in which the minerals are arranged in 
accordance with various physico-chemical tests. 

The book is addressed to students of ore deposits, economic geologists, 
mining and metallurgical engineers, who are presumed to have access only to 
simple types of apparatus. Hence the more dif&cult methods involving tee 
use of complicate and expensive apparatus are given only passing mention. 

The work is likely to be of value to the clientele it is designed to serve. 
Unfortunately, however, it is marred by many mis-spellings, minor errors of 
detail, and inexact references. 

G. W. T. 

Palradian Geology. The Dalradian Rocks of Scotland and their Equivalents 
in Other Countries. By (the late) Prof. J. W. Gregory, D.Sc., 
F.R.S., LL.D. [Pp. xi + 188, with 4 plates, x6 diagrams, and 2 maps.] 
(London : Methuen & Co., 1931, Price 12s. 6 d. net.) 

Tms work has a melancholy interest, as it is the last book published by Prof. 
J. W, Gregorjr before he embarked on that expedition to Peru on which he 
met his death in the dangerous rapids of the River Urubamba. The intricate 
end difficult geological problems of the Scottish Highlands held a great 
fascination for him, and for the whole period of his twenty-five years' occu- 
pancy of tee Chair of Geology at the University of Glasgow he spent every 
available week-end among his beloved mountains. The pteseut work brings 
together the atratigraphical and structural details thus accumulated, sum- 
marises the salient results, and compares the Dalradian rocks of Scotland 
with their presumed equivalents abroad. Chapter x introduces the Dahradiau 
problem, and Chapter 2 deals with the classincation of Pre-Cambrian rooks 
m general, and the equivalents of the Dalradian System in other xeiioxis. 
Cbiptm 3 to 7 give the details of field traverses ovwtbe various Hi|^hland 
regt^ and formations. Chapter 8 gathers up the tmreads of dassificatiou^ 
and gives the author’s tabular summary of Dalradign successions in nine 
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dMtamt mtm. Chapter 9 md last elttcidataa the ganeral struetore of the 
Sodtheftt or Grainniaii HiaUatidi. 

Ihe Qranipiaii Klghlaadi, l e pre t en ttog the leom-down femnants of a 
folded momma ch ai n of ZWCambdaa age. is aataxally of great stmctural 
compleadty. so great it is hardly surpdaiag that almost every worker in this 
deld has formulated a different theory of its succession and tectonics. Prot 
Grefory*s views are expressed in his own characteristically lucid manner, 
and have the advant^e of relative simplicity compared with the views of 
other workers ; but it is possible to doubt whether the simplicity of his 
theory of structure is matched by the roOks themsdves. We may perhaps 
also question the value of long-range inler-continental correlations of Pre- 
Cambrian formations^ when correlation is so uncertain within the limits of a 
small country like ^tland. Prof. Gregory will have none of the more 
extreme theories of the Alpine " nappist " school, holding that the Dalradian 
rocks exhibit a much deeper tectonic level through erosion, and show flow 
and xecr3rstalli8ation structures apjpropriate to the deeper zones, rather than 
the overthruating and xnylonitisation characteristic of the lightly loaded and 
more brittle higher levels of Alpine typo. He institutes a new formation — 
the Lennoxian — by separating from the Dalradian the relatively unaltered 
grits, greywackes, and slates of the Southern Highland harder. 

The plates are microphotographs of thin rock slices, and cannot be said 
to possess much value. The map, however, which has been drawn by Dr. 
W. J. McCallien from Prof. Gregory's sketches, is an excellent production. 
Subj^t, author, and locality indexes, together with a full bibliography, are 
provided* 

G. W. T. 

Oofil Bseb and Atolls. By J. Stanusy Gardiner, F.R.S* [Pp. xiii + x8i, 
with 15 plates and 33 figures.] (London : Macmillan A Co., Ltd., 
1931. Price lor. 6d. net.) 

This study of coral reefs and atolls represents the conclusions of thirty-five 
3reani of work on the subject, and is based on a course of eight lectures given 
to the Lowell Institute of Boston in 1930. The composition, structure, and 
origin of coral reefs and atolls is one of the borderland subjects of science, to 
which biologists, geographers, and geologists may be expected to contribute 
relevant material. Mr. Gardiner approaches the problem mainly from the 
biological side, but he has also excellent qualifications upon the geological 
and geographical sides. 

fte introductory chapter describes the general characters of fringing, 
burrier, and atoll x^fs, and the second the characters of island formations. 
Then come successive chapters on the natural history of corals, other plant 
and animal reef builders, and other organisms found on reefs. The sixth 
chapter deals with geographical distribution of reef formations, the seventh 
with atolls and their lagoons, and the eighth and fin al chapter with the 
crqdal problem of the foundations of atolls. An appendix descri bes the islands 
anB com reefs of the Pacific Ocecm. 

The statements concerning the importance of the geological work of sand 
feeders, such as holothurians and worms (pp. rox-3), come rather as a surprise. 
Rock^^boring organisms and algae are also agents of destruction on the xeefr. 
Pirwin's ** beautiful and attractive theory of subsidence for the origin of 
atolli is killed, in the writer's opinion, by the ugly fact that there is no such 
fseeral flUtog-in of lagoons by coral growth and W sediments as is demanded 
by the theory. Mr. Gardiner does not agree with ftof . W. M. Davis's attempts 
to iiibitaiitxate Darwin's theory by consideration of the physiographical 
evelutton of coral islands and coasts ; but he lookf with a kindlier eye on 
theoriee euch ae Wharton's and Daly's which diepenee with s ubsidence, and 
rely en proposed methods of formatton of broad submarine platfor ms at less 

3i 
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tiuui5om.d«iittioawlikhi«af osgKiiinnacinfloiff^ 
in cooduriott, that oU pnsent coral-reef tiwuies Ihtt for leek of emncieBt 
data* " We Imow to-^y the hcoad general bnihUng potentialttiee cd onr 
orgaaiams, and it is for tiie gtophy^dak to give ua ilw foimdatioas upoii which 
they have bnilt." The book la iUustrated by exselUot ptatea and maps, and 
is provided with a good index. 

G. W. T. 


OwmMbjtngWah OmIoi^ Tacminology. An btrodoettoii to Qennui aad 
Wnglhfli Taaiia naed to Otology, iaotadtog Mtoeralogy, Petrology, 
IDaanl Daporito eto. By Dr. W. R. Jones and Dr. A. Cissars. 
[Fp. xvii + 350.] (London ; T. Mnrby d Co.; Leipzig : Max Weg, 
X931. Pr^ I2S. 6d. net.) 

Tins valuable work is cast into the form of an elementary textbook in which 
the RngHah and German texts are placed side by side, paragraph cotrespcmd- 
ing to paramaph, and with the important words italicis^ on either side. 
Tlra method b^gs out almost amusingly the more profuse verbiage of the 
German language, the paragraphs almost invariably iMing longer on the Ger- 
man side than the English. The book will be of most use to geological 
students who are making their first acquaintance with German (or English) 
texts ; but, notwithstandmg the authors' expressed hopes, we do not think 
that it will appeal to senior geologists, to whom an Enghsh-German diction- 
ary of geological terms would certamly have been more acceptable. We 
make the suggestion that an extension of this work in the form of a dictionary 
or £dow«ry, including the multifarious terms used in recent German worln 
on geology and cognate sciences, would be worth domg— a dictionary in udiich 
perhaps the German co-author might explam the usages of the term Bean- 
spruchung and of the corresponding verb in recent German books. Many 
notable omissions from the present book might be included therein, as, for 
example, among the Z's, Zerretbung, Zerbrechung, mJaUen, ZerttUmmemng, 
Znsammenschub, titren/omng, etc. We think also that the space devoted to 
appendices giving the Enghsh-German of the chemical dements and of 
minerals, 90 per cent, of which are indicated by the same word in each 
language, fo wasted. Nevertheless, this work forms an excellent introduction 
to German for geological students which we can heartily recommend. 

G. W. T. 

iMida, CSayi, and Mtoenls, A Britidi llagMtoa devoted to Boosmmio 
Xtotoab. Vol. I, No. I, April 1932, 40 pp. ; No. 2, September 1932, 
60 pp. (Chatteris : A. L. Curtis. Price 5s. per annum.) 

The two fird numbers of a new magazine entitled Sands, Clays, ami Minerals, 
have come to hand. This periodical is devoted to the study of economic 
minerals, and is published quarterly by A. L. Curtis, of the Westmoor Labora- 
tory, Chatteris. The first number contains some imrixactivearticlee cm Black 
Diamonds, Sands in British Industry, Slate, Portland Cement, Lithographic 
Abrasives, Analyw of Clay ; and in the second number there are valuable 
papers on Osmiridium in Tasmania, Australian Opals, Ontario aa a Metal 
Frwttcer, Fuller's Earth, Rock Sections, Little-known Uses of Clay, and the 
Modem Roadstone Quany— a list which indicates very well the aide range 
ofinterests covered by this journal. The illustrations are excellent, eqie^% 
some coloured reproductions of gemstones, but we may perhaps be permitted 
to query the use of publishing expensive plates illuatrating the trade-marks 
<4 Britiu cmnents and fire-bricks. We think that the magazine, although 
its aims ate frankly commercial as well as scientific, caters adequately for a 
Someudwt neidvcted field in economic mineralogy. 


G.W.T. 
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acMfAjrr. 

Mmmk JMNriMet tai Botaiif. By E. C. Bartok-Wrioht. [Pp. viii -f 287, 
with 66 illustratioiis.] (London : J. d; A. Churchill, 1932. Price 
131. 6d. net) 

THIS work ie a companion volume to the author's R$C9ni Advances in Plant 
Physiology, The subject-matter is divided into nine chapters, each treating 
of an aq>ect of Botany in which research has been active in recent years. The 
tot treats of theories of plant structure, such as the phyllodic nature of the 
Monocotyledonous leaf and cotyledon, carpel pol3rmorphism, and the relation 
of sire to form. These constitute summaries of the well-known views of 
Bower, Arber, and Saunders. Other aspects of morphological and anatomical 
advance are entirely omitted. In the second chapter on Palseobotany the 
ve^ important work of recent years on Post-glaci^ floras is omitted. The 
third chapter, on ** The Species Concept/* deals mainly with the work of 
Turesson. The next three chapters are devoted to the fungi of which the 
first deals mainly with the Mycetoza and the phenomenon of brach3rmeiosis 
and the last two with heterotnalbsm and mycorrhizal relations. Two more 
chapters are devoted to the Phaeophycese and Florideas, whilst the final 
chapter treats of virus diseases. 

As a summary of certain aspects of recent work in the field of botany, 
students will doubtless find some of these chapters useful, but as a presenta- 
tion of recent advances in the subject, as a whole, on the non-physiological 
aide, it leaves something to be desired as regards presentation, and there are 
other important omissions besides those already sdluded to, especially in the 
domains of ecology, taxonomy, and geographical distribution. 

E. J. S. 

Piinolplie of Soil Microbiology. By Prof. S. A. Waxsman. Second Edition. 
[Pp. xxviii -f 894.] (London : BalUdre, Tindall & Cox, 1932. Price 
525. net.) 

Wbxm the first edition of this book appeared in 1927 it was at once apparent 
that we had here a standard work wMch constituted a valuable conspectus 
of existing knowledge, and therefore the fact that a new edition has so soon 
been call^ for is not merely a tribute to its proved usefulness, but an indica- 
tion of the rapid progress in this field. So active has been research on the 
microbiology of the soil during the past four years, particularly in respect to 
the decom|X)sition processes which organic matter undergoes, that a complete 
revision of the text has been necessitated and sections Imve been completely 
rewritten. By the omission of some of the less important matter of the 
previous edition the present work has been revised with no appreciable 
addition to its bulk. 

How large is the field covered can be realised when we pause to consider 
the wide ran^ of groups represented in the soil firom the diverse soil aim 
and autotrophic bacteria to the numerous organisms, heterotrophic bactem, 
actinomyces, soil fungi, protozoa and flageUates which are dependent upon 
the orgemic material present. Within each of these large groups there are 
numerous representatives with the most diverse chemical activities, and any 
adequate knowledge of the biology of the soil involves both a detailed ac- 
quamtance with the individual requirements of each, and also of the interaction 
oi their activities with one another. It is lar^y due to the author's own 
investigations that we know how important a r61e is played by the actino- 
inyoes» so largely responsible for the cellulose decomposition in the soil. So« 
too« t<ec<^tion of a definite algal flora in the soil is of comparatively 
WySlA data, as also is much of what we know respecting soil fungi and protozoa. 
immodgo is widely scattered in specialist journals, so that a rteuma of 



S40 SCIENCfi PROGRESS 

wr frci. Walismaaiti|^iei» wtthaiime^^ 

raieraiceii it of the greatest valoa to ituctoit and inveatigator aUke. 

A real ecology of the toil it yet to be attained, but the analyticil tfeatment* 
though admittedly an abstraction, it a necestary ptdimioaty to that under^ 
ttandiiiig of the 83mthetic relaticmthips at which we aim, and a work tueh at 
that be&m ut it an important step in this direction. In this conneetkm the 
chapter on the relationshipe between higher plantt and micro-organitmt 
eervet to em^asite the complexity of the problems involved and to point 
the direction of future progress. 

£. J. SAUtEUKY. 


fha OoeomiA By Edwin Binohaji Copbland, Professor of Plant Physiology 
and Dean of the College of Agriculture (retired), University of the 
Philippines. Third edition. [Pp. xxvii -f 228, with 27 illustrations 
and frontispiece.] (London : M^millan Sc Co., 1931. Price 20$,) 

Tms edition follows closely the second edition published in 1921, with the 
addition of material to bring the work up-to-date ; this is especially noticeable 
tinder the headings of diseases and pests. In 1921 the crop was a very 
prodtable one indeed, and even now with world-wide depression it compares 
more than favourably with other large tropical crops such as rubber and 
sugar. It remains to be seen whether new uses can be found for its products 
to lead to such an expansion of the industry as was caused by the advance 
in oil technology. 

Prof. Copeland began his study of this plant twenty-seven years ago, and 
the work provides an authoritative account of its culture and princip^ uses 
for all those who are interested. 

E. M. C 

lOOlfOOT. 

Beii, Wasps, Ants, and Allisd Inssetsol the British Utos* By Edward Stbr, 
F.L.S. [Pp. XXV + 238, with 44 plates in colour showing 470 figures, 
67 plates lowing X70 photographic reproductions and text illustra- 
tions, also 64 wing maps.] (London and New York: Frederick 
Wame Sc Co., Ltd., 1932. Price xos. 6d. net.) 


Thb publishers of The Wayside and Woodland Series are to be congratu- 
lated on adding this volume to their series of such handy and useful books 
lor the rambler, held naturalist, and others. Mr. Step has done much to 
popularise natural history, and in this series alone has been responsible lor 
vmumes entitled Wayside and Woodland Blossoms, Wayside aw WooUand 
TVsss, Wayside and Woodland Ferns, and Animal Life of the British Isles. 
In the volume under review the author gives an admirable account of the 
Insects dassihed as H3rmenoptera. It is deeply to be regretted ihat he did 
not live to see it published. 

A glance at toe subject headings reveals the scope of the book : Wing 
maps (a novel yet good feature). Humble Bees, Cuckoo Bees, Social Wasps* 
Poster Wasp and Mason Wa^, Velvet-ants, Spider-hunting Wa^, Sand 
Wasps, Black Wasps, Digger Wasps, Wood-boring Wasps, Solitary Bess* 
Minixm Bees, Carpenter B^, Homeless Bees, Ants, Ichneumons, Chalcis- 
flias, &wdies. Gall-flies. To complete the book there is a list of useful books 
for nsference, a cl ass i fled index to genera, a glossary of teems, which should 
be very useful, and a general index. 

One of the outstandixig points of the book is the illustration. The cokmind 
pjctnres are well up to the high standard set by previous voiuxsies, lor example* 
Shsu&'a Moths of ike BriHsh Istes, NaturkUy, it is not possible to identify aU 
tha inaects by the illustrations given, but in aJmost every case one wcxuUTgefc 
a very hii idea of the tonrect placing of tha latest capture or obosnratloii. 
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The p h qtogr a phi tkxt tn ttieceptimally good coUection, chosen from those of 
tho beet utam history photc^i^^hers. 

The style of the tmk and its contents can but thrill the schoolboy, and 
indeed his parents, opening up as it does new fields hitherto approached only 
by learned treatis^. The information given is accurate and the author has 
not failed to make use of the latest research. We consider that the use of ihit 
term gall-flies for the Cynipoidea is a pity in view of the fact that this term 
should be retained lor some of the true flies or Diptera, and there is already 
an adequate term, vu. gall-wasps. 

It 1^ always seemed curious that so much attention has been given, by 
publishers of popular books on natural history, to butterflies and moths ; 
thereby causing the average man to remain satisfied in calling a wasp a wasp, 
a bee a bee, and a fly a fly, and not always even correctly at that. We venture 
to hope this book will have the success it deserves and sufficient to entice the 
publishers to produce a similar book on British Flies. 

H. F. B. 

Bearing in Baa and Animala. By R. T. Beatty, M.A., B.E., D.Sc. [Pp. 
xi + 227, with 99 illustrations.] (London : G. Bell & Sons, Ltd., 
1932. ftice I2S. net.) 

Books on scientific subjects written with the dual purpose of serving the 
needs of the general reader and the expert are not usu^y a success. Dr. 
Beatty has, however, done it uncommonly well, in this comparative survey 
of the sense of hearing. He is clearly alive to the necessity of searching 
widely for his facts. Few biologists or physicists realise the wealth of first- 
class observations bearing on this and allied subjects, hidden away in con- 
temTOrary psychological journals. 

The book is a mine of information on everyday problems. City coun- 
cillors might profitably study the chapter on Noise (p. 183), and would-be 
musicians might be tried out for their frequency discrimination as described 
on p. 74, both to the advantage of society. Considerable space is devoted to 
a diimussion of current theories of audition, and there are informative chapters 
on Music, Sensations of Hearing (Normad and Pathological), and a somewhat 
speculative chapter on the Evolution of the Ear. The survey of hearing in 
animab is a useful summary of some of the known data. 

There are several references to the otoliths of fishes. Bony fishes difler 
considerably from cartilaginous fishes in their otolith arrangements. This 
might have been more clearly stated, as it has some bearing on his theoretical 
discussion of the evolution of the ear. The reference to the behaviour of 
the cod (p. 136) is out of place, as it refers to an experiment on temperature, 
not auditorv discrimination. The most important work on pitch di^rimina- 
tion in the dog (p. Z43), although carried out in Pavlov's laboratory, was done 
by G. y. Anrep, to whom also should be accorded some recognition for his 
tnjudation and editing of Pavlov's book — Conditioned Reflexes. 

Dr. Beatty's book Ms a decided gap and should find an appreciative public, 
for it is attractively written, well printed, and reasonable in price. 

H. O. Boll. 

A fnttook ol Pnotifial Entom o logy. By Framk Balfour-Browmb, M.A. 
. ((teon. et Cantab.), F.R.S.E., etc. [Pp. viii + I9I, with ii6 figures.] 
(London : Edward Amcdd & Co., 1932. IVioe i8s. net.) 

tmt teacher of entomolog[y has been compelled in the past to create very 
largely courses in practical work, based upon his own experience and from 
Mialiiifi general textbodn. As entomology is a comparanvidy new sul^ect 
fMrieaiSmg, ihfr absence of any standard fcioedE on the practicid side has been 
tnewitaliliS and has had its natural advantages. It has made the young 
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think out for hlmsdf trial oonrM. But now that the Sort ei^ert* 
mnntainthe typo of conrses required have been made^aad the eub}ect Is bring 
taught nsore generally, it is as wril to have a standard set* Sotm teachers* 
nota^ Needham (EUmenUnry Lessons on Imec^s, 192$) and Kandschin 
{PrukHsche EinfUhrung in die Motphohgie dor InsekUn, xqa8) have already 
given us examples of practical courses* 

!Prof. Ballour-Browne, whose teaching experience at Cambridge and 
London well qualifies him for the taric, has now done the same for En g lish 
teaching institutions* Other instructors doubtless will adapt the book to 
suit their own views and requirements, but all will agree that it is a sound 
bafl^ for such courses. 

The book is divided into three parts, taken largely from actual lecture 
notes, representing three courses. The first is an elementary one, the second 
an advanced one, and the third is entitled ** The I^nciples of Systematic 
Entomology.** This last course might be called ** Systematic Entomology 
without Tears,** but in reality is a Special Morphology course, as the author 
mentions in his introduction. It is intended for students taking up entomo- 
logy as a profession. Wo do not like the title of this course in these days when 
The Principles of Systematic Entomology » by G. F. Ferris, should have been 
read and its lessons taught. Systematic entomology includes far more than 
the mere morphological characters of insects. 

Each part consists of notes on the course and ends with a syllabus of a 
course based upon them. The elementary course is suitable for 210 hours' 
practical work, the advanced for 48 hours, while the third requires 60 hours* 
&tch course starts with an insect (the cockroach, Dysttcus, and the grasshopper 
respectively), which is taken to illustrate external characters and to serve as 
a model for dissection. 

The illustrations, while good and numerous, are of a diagrammatic type, 
which will compel the student to draw what he secs or else acknowledge his 
skill in the lazy art of copying. The make«up of the book is pleasingly un- 
ostentatious, although the price is rather high. Prof. Balfour-Browne has 
accomplished his work well. But aurcly space could have been found to 
mention the value of practical field work accompanied by a competent field 
entomologist and a scheme of such work for the different seasons. 

H. F. B. 

All WmknM Synopsis of the Prindpal Larval Forms ot the Order et Ooleop- 

tara. By Adam G. BdviNG. Ph.D., and F. C. Craighead, Hi.D. 

35i» with X25 plates.] (Brooklyn, New York: &ooldyn 
Entomological Society. Reprinted from Vol. II of Eniomdogtea 
Americana, 1931. Price I6.50. Bound cloth, I7.50.) 

Kbai^isxng how the extensive gaps in the comparative knowledge of the 
external morphology of Coleopterous larvae have severely handicapped de- 
scriptive work, the authors, as they state in their introductory note* had 
alzeady projected in 19x5 — ^what must have been the dream of many workers 
-»-a survey of the whole order. The collections of the Bureau of Entomology, 
and of the U.S. National Museum which possesses many European spems, 
movlded the materW. The results of this research appeared as a serial in 
Enkmologica Americana for November and December X93X, and is here 
coUeeted m one cover. 

The book consists of two main parts, one a dichotomous key designed to 
seiparate kune into their families or sub-families along phylogenetic lines and 
am^tfied by useful footnotes ; the other, and this is the major part of the 
book* a aenes of 124 clear and excellenfly reproduced ^tes figuring about 
500 larvsscM larval characters of taxonoznicsigniftcance. ^ese represent some 
145 lamilies, of which those that are better known, e.g* among the Ad€nlia|a* 
Cerambyooidea* Searabseiodea* axe intentionally less well represented than 
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the lesser known. Finattjr, slate sas indicates graphically the 
as to lAiylogeiietie reUtknumiPS of the diftoent familiee. 

For^ as we are told in m preface* the axe meant not only for 
identification purposes but also as a contribution to the discussion of the 
natural grouping m the Coleoptera. To this end the three-page introduction 
indicates br^y the relationwpa between the different series* while further 
remarks on fa^y assodlationB within the series are to be found in their 
appropriate places in the keys. 

Apart* therefore* from die general worker* to whom the book wUl be 
indispensable* specialists will be particularly interested to see the nature of 
the light that is shed on the rival 83rstem8 of classification. It would be out 
of pls^ to discuss this here, but the authors state the classification arrived at 
agrees fairly well with that of the imagines* more particularly that of Long. 
Nevertheless* there are considerable rearrangements in many of the series* 
and X53 families are recognised in the Conspectus. The authors also confirm 
the necessity of recognising* as some workers have realised from study of the 
imagines* a new sub-order* the Archostemata of Kolbe* to contain the 
primitive families Micromalthida^ and Cupesidac. 

This book will bo warmly welcomed by all students of the Coleoptera. 

H. C. F- N. 


Outline ol OomparatlTe Embryology* By Autb Richards. [Pp. xvi 4- 

^4.] (New York ; John Wiley & Sons ; London : Chapman d; 

Hail, 1931. Price 305. net.) 

Thb author* who is Professor of Zoology at the University of Oklahoma^ 
rightly considers that a broad general Imowledge of the principles of com- 
pmtive embiyology is indispensable as a basis for more specialised study. 
Finding nothing that quite covers the ground in English* he has prepared the 
present useful volume as a textbook for a gener^ course in comparative 
embryology. He does not attempt to deal with experimental emh^ology* 
save incidentally where it throws light upon morphological problems. He 
holds that experimental embryology runs the danger of considering only 
processes and those out of relation to structures. It is in structures that 
functions are inherent* for one cannot understand the workings of a machine 
with which he is unfamiliar. Morpholo^ in its descriptive phases is therefore 
basic to a proper attempt to work out functional relations. Our admiration 
for the attempts to secure an intelligent conception of the m3r5tery which 
underlies the pageant of development must not allow us to disregard the 
importance of a foundation of knowledge of descriptive emln^logy** 
(p. xiv). 

In Fart I the m ain facts of descriptive embryology are set out ; the treat- 
ment is comparative* not by systematic groups. it is sought to show how 
the single-celled fertilised egg arrives at the multicellular condition character- 
istic of the fully formed* but undifierentiated, young Qrgamsm in which the 
organ systems axe established.'* It seems to us that rather too much atten- 
tion is paid to the details of cleavage and of cell-differentiation generally* 
The relation between cell-division and difierentiation* in the early stages at 
least* is not necessarily a close one. An intexesting section in Fart I deals 
with the various types of invertebrate larvw and their relations to one another. 

In Fart II some general problems of embryology are considered* for 
example the origin of germ-cdls, the recapitulation theory, asexual xeproduo- 
tim* parthenogenesis* and* in outline* the problem of the determinatioa 
ol chiuracters in the ovum. 

The book is illustrated by 224 figmes* and oontams a useful glossary and 
mSnm twenty pages of bibho^phy. 


£. S. Russxll. 
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Irii Oiiiltt, OifiiwwMwt, nl IWIm By Ck Suum^vii* 

^ Miinm KsitSi F. O. Pjumoms^ M« C Buunx Hamu) Jf« B* 
FftAldi, Md J. L. Myiom. 176, wMi at ttxt-fifom Mid t% 
flAtoA.] (London : SmMt Bmi, Prke Ss. 6d. net) 

Tmg ttttie book ooneists of eix lectnree, each by a famous authority on his 
aiibiett, ddhrered beknre the Royal Anthropological Institute. Each 
stttqeet is thus dealt with in essay form and coxur^tutes a complete section 
of tlie bocde, independent of the others. Since the book is not Intended as a 
textbook, but ra&er as a popular exposition of some of the more interesting 
aspects of antim)pofogy, the ladc of cohesion, inevitable in a symposium, does 
n^ seriously detract from its value and is more than compensated for by its 
versatility. 

Prof. EQsot-Smith deals with the evolution of man from his pre-human 
ancestors in a very fascinating essay. Having outlined our knowledge 
derived from the chief fossil remains of early man and of Pithecanthropus, 
Boanthropus, of the recently discovered Peking Man, Sinanthropus, etc., he 
goes on to discuss the part which vision has played in the evolution of the 
human brain. The book is well worth buying for the sake of this essay alone« 

Tte Evolution of Human Races is dealt with bv Sir Arthur Keith. 
Having painted out the continuous trouble in our world resulting from the 
differentiation of mankind into races, he goes on to outline the racial t3rpes of 
to*^y. Some of the factors concerned m race building are then discussed, 
and it is shown that patriotism is an essential one. It is claimed that ** a 
nation always represents an attempt to become a race ; nation and race are 
but different degrees of the same evolutionary process."' This leads to an 
analy^ of the ^haviour of young nationalities, in which Finland, the Irish 
Free State, and the Nationalist Movements in Wales and Scotland are con- 
sidered amongst others. 

Prof. Parsons's lecture deals with the racial types which have gone to the 
Making of the Modem Englishman and the traces of these which remain 
in the population to-day. 

Mr. Burkitt only summarises his lecture on Most Primitive Art, but it 
is a fascinating and well-illustrated summary. We wish it could have been 


Peake deals with the beginnings of Agriculture and in particular 
with the place in which the cultivation of grain began and the maimer in 
which H arose. 

Prof. Myres's lecture on Metals is split into two chapters dealing 
respectively with Precious and Useful Metals, and the part concerned wlm 
the early history of gold is particularly interesting. 

F. W. R. B. 


9r. Xb KqFptoctneiifllon von OraiMhlMd, iktimUb val 

Atf Bdiwtll. Brad IX, Die Flechten. Abteilung IV. a, Haeftt). 
Die Gattung Clodonia von Dr. Hsinxxcb Samstbdb. Uef. i and a. 
n*p. 1-340 and 241-531, vdth 8 text>fignna. 34 platea.] (Leipaig : 
Akad. Verlagageedladuft 1931. Price Sk. 47.30.) 


BaaBmoKST's Kryptogamtn-Flora, the separate vohunee of vldch have bean 
aMwating at intervala over many years, has always presented standard booka 
or tafereace. Saastede's work on Qadonia will add to tba repntatioa of 
fke gnat Plccm. It is the first instalment of vol, IX, and will be walcaatad 
W aU UcbenolagistB. For many years Sanstede has made a special atnd^qf 
Cwd o a l a, that moat attractive but most difitoilt gesus <» Uchmu. Tte 
amtral conntriss of Europe have claimed most attentiaii. but rafstuBOia to 
oUmt Isaidt an not infre(ittent. Cladooim, other Uebsna, an nmbiotlo 
fdaoia, fadapsDdaitt of tlw robatxatum, but they an subject to tha^tom 
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crfttrirg w te wm ent af mM, nioistafe, light, etc., and ttkoee vatying ccmditimi, 
at teSected in the tpeeiet, rite to bewildering vaiietiet and growth forma, 
thus iocareatittg tte difficulty of Identification. Sanatede haa paid apedal 
attention to tniee imgularitiea, but he haa been caxelul to emphaaiae the 
apedflc characters. The Cladoniae are peculiar in having a primary and a 
secondary thalloa, the primary compoaed of leafieta (aquamulea), the secondary 
of upright stalks termed podetia which, in many ap^ea, broaden out at the 
tip to form a aballow cup or acyphus, on the outer edgea of which axe borne 
the firuiting bodies — ^brown or red apothecia and pycnidia. In the preface 
if given a full description of the whole plant — the double thallua, its anatomy 
and development, and also the fruilmg structures. The primary thallua 
frequently disappears, the podetium may grow and branch indefinitely and 
may persist many years, dymg ofi at the base, but the upper pa^ continually 
increasing. A striking example of such long-continu^ life is provided by 
Ctadonia rangiferina, the ** reindeer moss'* that spreads indefinitely and 
forms the chief provender of the reindeer, elks, etc., in Arctic regions. San- 
stede also notes the presence of certain lichen-aci^ which can be detected 
by taste and by the use of alkaline reagents. The main body of the work 
dms with subgenera and spacies, of which over seventy are described, with 
all their numerous varieties and forms, and with special reference to published 
Exsiccati. Many species and forms are depicted in the plates. *n6 whole 
work is a most valuable addition to the textbooks of European lichens. 

A. Lorrain Smitr. 


Dr. L. Babenhoist^s Kryptog amen-floni von Deutsohlaiid. Osteitiioh ttoidi 
dsr SohwsiK. Band VII, Die Kieselalgen von Dr. Friedrich 
Hustbdt. [Part I. Pp, xii 4* gio , with 1,493 illustrations.] 
(Leipzig : Akademische Verlagsgesellschaft m.b.H. Price Mk. 63.) 

There are few more attractive objects for the microscope than diatoms 
(Kieselalgae), those extremely minute algae, invisible to the naked eye, that 
inhabit waters in all countries. They are coated with a fine shell of silica 
which, at the death of the organism, dn^ to the bottom of latke or ocean and 
ionns valuaMe deposits of diatomite. Diatoms take many distinctive forms, 
but the omamentatiim of the shell is the great feature of these algae-— the 
dots, pores and stxiations, peculiar and constant to each species, have 
evoked the admiration of all microscopists. Students of diatoms have been 
hampered in the past by the lack of available textbooks. The fine scholsrly 
book now before us will be hailed with unusuad satisfaction by adl who desire 
to study these minute plants. The first pages axe devoted to the history of 
thsir discovery and to a description of the organisms— their growth and 
development. There is also an account of the efibrts made by successive 
workers to formulate a satisfactory classification. They have been finally 
divided into two great groups— the Centriem and the Pennate ; the former 
beiiig generally salt-water dwellers, whde the Pennate inhabit fresh waters 
or mowt localities. The Centriew alone are considered in this first part of 
vol. VU, and the families, genera and np^dm are treated at feo^, 
sywptfc kqfs to genera and species are diagnoses and descriptions 

ate amjfie. Spedal praise is due to the generous illustrations of esch s^es, 
a valuable if not inmspensable aid to the student of this group of aigm. 

The economic value of diatoms is important: they are the food of Crustacea 
and other minute aquatic creatures : they have bemn called ** the food basis 
of all sea animals.*' Diatomite, an extremely fine substance, is used for 
poltlSiillg, etc., and for mixing with nitro-gl3rce^ to form explosives* 

A. Lorraxh SmtH. 
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A* BmiB 4l i B lif ll Mi . Bf WauAM Bowak. shr^f i5x> 'wMi ii 
jjlgt.] (Bwtthaora: The WiUfaune ft wulaae Copi p Mi y , X93>* 
Loadoii : BaOlifte, Tlodea ft Cox. Price lu. 64 . net) 

Da Rowan, who has himsdf canied out valuable experimental wotk at 
Edmoatoa in Canada, has succeeded in wiitiag a moat readable and fa adnatt n f 
book on a subject of perennial interest— the migration of birds. It can be 
mad with advantage oo& bjr the amateur and the professional naturalist 
For the benefit of the former an introductory chapter on the general anatomy 
and physiology of fte bird is included. 

Why do so many birds that breed in northern latitudes move south biriom 
the advent of winter ? Many species could not survive a northern winter 
owing to shortage of food, wmch is accentuated by the physiological effecte 
of cold. But Rowan points out that this is not the whole story. There is in 
latitudes in winter a great shortage of sunlight and particularly of ultra- 
violet radiation. Lack of this leads to deficiency of vitamin D. *' Assuming 
t^t vitamin D (like vitamin A) is indispensable to the health of aduH animu 
ttie, then inhabitants of the north must get their supply either from their 
diet or tom exposure to the sun or tom a combination of both. Assuming 
ttot their diet is suc^ that they require a certain amount of sunshine per 
Mtintn^ then, to retain tiietr health in years of reduced ultra-violet radiation 
(«.g. pon^tently cloudy summers), they must (a) change their diet, (b) move 
saraer south, or (e) sufier the consequences. Adoption of the first alte^tive 
is extremdy unlikely. . . . 

“ An overwhelming majority of northern birds go south for the winter, 
and so automatically fulfil the second alternative. The last descends like 
a guillotine on a small number every decade ’* (pp. 63-4). By migrating to 
the sotttii birds seem to avoid the decimating fluctuations which occur in 
regular cycles in many northern mammals. 

Following op this line of thought Rowan has investigated the efieet of 
m^oaiag migratory birds in the autumn to an incredsed amount of light. 
This had the extraordinary efieet of hastening the development of the goru^ ; 
extra exercise had the same effect. As the gonads develop the amount of 
interstitial tissue diminishes ; this is normally at its at the time of 

the autumn migration. Birds with fully developed gonads, as well as controls 
with resting gonads, showed no disposition to migrate when liberated in winter. 
Birds with increasing gonads probably went north. Rowan condudee that 
diminishing daylight is the main environmental stimulus that arouses the 
antuthnal mi^tory impulse, and that this acts through a hormone produced 
by the interstitial tissue. 

This is a valuable contribution towards an understanding of the stimuli 
to migration, but there remain of course many unsolved riddles. The return 
migration in the spring may be compared to the homing of carrier pigeona. 
ana finding the way ba<A may be a matter of individual topographical memory. 
The southward migration of young immature birds remains, however, coA- 
fdetely mysterious. Probably, as Rowan suggests, we most assume, in 
addition to natural selection, the Lamarckian factor of the inheritance 
acquired habit. The mcperimental evidence for tbti is slight, but its possi- 
biUty hM never been disproved, and failing any otiaer reasonable solution tie 
are justified in accepting it provisionally. Rowan works out this view in 
some detail in relatkm to known climatic changes in North America since the 
Ice Agea 

The book, though short, is full of meat, and can be stron^y recommended 
to everyone interested in this fascinating problem. 


£. S. RossxtX. 
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BWocr te tMknkn By C. C Uzmscmt, M.So. (Loud.), and 

W, R, WtiUmv Cook B.Sc., Ph.D, (IxmdOi "with a Foreword by G. E. 
Cask, D.S.O., F.RC.S. \Pp. x + 6x8, with 413 illustratioiia 

and text-^fignres.] (I^don : Z/mgmans, Green & Co., 1932. Price 
t&s, net.) 

Txxx idea of a General Biology is a vexy good one, and this volume is intended 
to covet the Biology for the First M.B. Examination of the University of 
London and similar courses. 

The soological portion of the work is profusely illustrated by well* and 
cleaxiv*drawn line drawings, and the whole, text as well, is carefully conceived 
and should pxpve an excellent introduction to the subject. 

The botanical portion, however, is of a very different nature, for a number 
of serious and in some instances fundamental mistakes have crept into text 
and figures alike. The moss is represented (in Fig. 200) as having a root and 
(Hg. 2ox) a sporangium. On p. 381 the tendrils of the cucumber and the 
spim of the barbei^ are given as examples of stipules. In Fig. 228 the 
stages in the germination of the broad l^an would appear to have been 
drawn from the scarlet runner : Fig. 23X is labelled upside down (plumule 
should be root, root plumule) ; Fig. 236 ^ows pores instead of simple pits, in 
Fig. 249 the medullary rays of Pinus are not adequately represented ; in 
Fig. 289D the proportions of the dandelion fruit, described as a pappus, are 
incorrect, and C is the female inflorescence of the hazel and not the nut. In 
the floral diagram of the Ranunculacese the aestivations of the calyx and 
corolla are shown as spiral, the bluebell diagram has the inner whorl of 
stamens opposite the carpels, and on p. 437 the diagram of the pea flower has 
the odd sepal posterior, the sepals opposite the petids, ascending imbrication 
for the petols and the ovules anterior. 

There are many other serious errors, and these are all the more to be 
regretted as the '' get-up of the book is admirable and the price a very 
reasonable one. 

E. M. C. 

DifflealtiM of the Bvdutkm Theory. Douglas Dbwar. [Pp. viii + 192. 
wirii 7 figures.} (London: ]^ward Arnold & Co., 1931. Price 
125 . fid. net.) 

This book, as its title implies, is devoted to theoretical discussion of facts 
which, the author contends, are difficult, if not impossible, to reconcile with 
the evolution theory, even in a modified form. It is suggested that " to 
account for the phenomena presented by living organisms it would appear to 
be necessary to adopt a provisional hypothesis of special creation . . . 
supplement^ by a theory of evolution.** It is claimed further that such a 
course would stimulate research. Many biologists, including the reviewer, 
will find it difficult to accept this sugge^ion or to believe that if they did it 
would ** stimulate research.’* 

F. W. R. B. 

CtattMoltag lAWf bi Animal Morphology. By Hans Przibram. [Pp. fi2, 
with 32 figures.} (London : University of London Press, Ltd., 1931. 
Price 4s. 6d. net.) 

Tttxs little book consists of four lectures delivered at the University of London 
defiling with aspects of experimental morphology in animals. The first 
lecture on Orgamsation is devoted to the problem of the increase in difler- 
enttaitian and the light thrown upon it by the regeneration of cheke in Crust- 
ficfifi. The second on Growth deals with the increase in organic mass as exem- 
pttled W ineects, The third on Syxnmetry is concerned with growing points 
M feeeti m regooerating find trsnsplanted limbs of amphibians. The fourth 
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Md ftauil biptiM m modttctttioii brings out tbe ndfttkm ol SMittboUc mto 
tAil kmgtli in i«ti. The whole ladcee eeey and amtiiiiig teediog, Ahhoogh it 
mm be thought that ite eubstaoca ii aoxnewhat alight. 

P. W. R. B. 

ttelawteteite. A Mittiial lor ttia im ol 8ti^^ By L. A. Bomaoaiu 
and F. A. Potts, with chapters by L.E. S. Eabtram and J. T.Savndbrs. 
[Pp. xiv ^ 645. with 458 figures.] (Cambridge : at the University 
Press, Z93S. Mce 25^. net.) 

Thb appearance of a new textbook of the scope of the present work dealing 
with tne Invertebrata is an event of importance in British Zoology. Such a 
textbook, built on modem lines, has been much needed for many years, and 
the authors may be sure that the present one will receive a warm welcome. 
The grow^ and advance of zoology have rendered the production of a text* 
book dealing with the whole of the Invertebrata and suitable for final and 
honours students difficult of achievement within mana^ble dimensions. 
Two primary requirements, which are somewhat distinct, nave to be met ; in 
tilie fimt pla^, the broad principles of invertebrate morphologv, embryolow, 
and comparative anatomy must be clearly presented, free from excesnve 
S3rsteinat!c detail; and in the second pl^e a systematic account of the 
morphology and embryology of the various groups, illustrated by detailed 
descriptions of importont types, together with some mention of their dis* 
txibtttion, occurrence in Britain, habits and mode of life must be given. The 
ideal textbook would combine both these requisites, but the time is near when 
such a book would be both too large and expensive for general use by students. 
The present volume is an attempt to meet both these requirements. The 
result is commendable in many wa3rs ; the descriptions are dear and concise, 
the illustrations are good, the view-point is modem and invigorating, and the 
book is produced in a single volume at a moderate price. The exposition of 
the broad principles of invertebrate morphology is, however, curtailed and its 
continuity broken by the necessary inclusion of so much systematic detail. 
On the other hand, the systematic account of the various groups exhibits some 
remarkable lacunae. For example, the Gephyrea, indud^ both the Echiur* 
oidea and the Sipunculoidea, arc only accorded a page and three-quarters, 
most of which are taken up with two figures, while the Mysoatomata, Acan* 
thocephala, Gastrotricha, and Gordius are not mentioned at all. The chapter 
on the Protoroa, which is the longest in the book, provides an up-to-date and 
readable account of this important group, and is, in our opinion, the best in 
the book. The last chapter deals with the Enteropneusta and Tunicata 
among the Chordata, which it is thought convenient to todude witii the 
Invertebrata. The indusion of a bibliography, however short, would have 
been a valuable addition to the book and one which wcHild have rendered it 
more useful to honours students. 

This book, despite any failings, is much too important and valuable to be 
overlooked, and we hope, and confidently expect, thatitwiUfind aconqiiciiotni 
place on the shelves of every Zoological department's library in the co unt r y . 

F. W. R, B. 

BltnfMMto Zoolofy. By H. J. van Clbavb, ProlesMMr of Zoology, Uniter* 
ilty of Illinois. [Pp- xiv + 28a with Frontispiece and lafi figures.] 
(London: UcGraw-HiU Publishing Co., 1931. Price x8s,) 

Xme book is intoided as a textbook for students who have already had an 
hitrodn<story course of general soology. It is unnecessary and even w ’ lhvjr - 
abb, Irom tbe point of view of the oriUmtton of 

Universitiei, that students who have not attained the udermediate standard 
ihoiihl have separate textbooki of invertebrate and vertebrate 
manHestly hnpoaaible, so far as final and honoura atndents are co ne emadi to 
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nodacst«aaito9i»to textbook of the InvertebmUin the spue of 380 pegee. 
We tatuiot, tbenkne, recommend the book for gesenl qm in this coontiy. 

F. W. R. B. 

Vhi OaaiMflgf IMtoil IdbooL By Sir Huhphry Davey Rolleston. 
Bwrt.. G.C.V.O.. KX.B.. M.D. [Pp. 235.] (Cambridge: At the 
University Press, 1932. Price 155. net.) 

A jouitNAt of medical science begins its booklet, issued to intending contri- 
butors, with a significant remark to the efiect that it has no ambitipn to be 
moognised as a well of English undefiled. Its meaning may be obvious and 
its intentions admirable, but the spirit underlying the ^savowal is worthy of 
comment. Medical literature is not only in danger of developing into uncouth 
jargon ; it has lost all touch with the humanities. Medical education is so 
exfiiusting, rather than exhaustive, that medical men can scarcely claim to 
be educated. Yet there is a fine tradition of medical literature ; from Sir 
Thomas Browne to Sir Clifiord Albutt, to Sir William Osier, and to the jnesent 
Regius Professor himself, experience has shown that physicians can be men 
of culture. Almost deliberately, to-day, medical men m authority drive 
their students, and their contributors, to a rather cold-blooded and illiterate 
monotone. 

Sir Humphry Rolleston's book is timely. The authorities on medical 
education everywhere must face important decisions to-day. Medical 
degrees cm now be obtained without, or with a minimum of, liberal education ; 
doctors, literally ** men who teach." are in danger of becoming artisans. At 
Cambridge, a Medical Science Tripos is being considered. An attempt is 
being made to enforce a course of tooad-mind^ training, to make men face, 
if one may use a medical metaphor, the malignant edge of knowledge, where 
it invades the unknown. It is disheartenmg to teach the modem medical 
student, and to find him always asking, " What does authority say ? " and 
not asking, " Why does authority say so ? " ; and unless the umversities of 
the county point the way there is little chance of the hospitals, driven to 
face the urgent clinical problems of each day, bemg able to induce a change 
of mind. It is true that the Oxford and Cambridge students do reach 
London with some dower of divine curiosity. But, alas, it is only too often 
a slender endowment. 

This work is called a biographical study, and Cambridge men will welcome 
the sympathetic and vivid pictures of figures like those of Sir Michael Foster, 
Walter Gaskell, and Sir CUfiord Albutt, whom so many remember ; they will 
be glad to leam of the sturdy men of older generations who made the position 
oi their university secure. But, for all the charm of anecdote and great 
though the value of this historical survey be, the lesson to be learned bom 
these pages is something else. 

There are great new laboratories ; biochemistry, physiology, biophysics, 
pbMrm^logy, bacteriology and pathology have decentralised medical 
education. The medical student of to-day wanders through these laboratories 
Ulm a tourist attending a conducted visit to an industrial centre. When his 
^ ed uc at io n " is over, and he makes his neophyte entry as a contributor to 
medicine, he is not yet, it is true, warned Surtout pas trop d$ sHe, but he is 
warned ** No literary flights.'* Editors need not worry ; he is incapable of 
th e m ! the one thing or which he is terrified, laced by an appatenriy over- 
wis^iiig mass of technical knowledge, is imagination. 

Hie present Regius Professor, to riie deem regret and the great loss of 
Omibri dge men, is shortly to retire. He will leave his successor this work to 
ttw Ciunbddge Medical School has Mood ioir aemething : and in his 
WW mK ks hM shown that a Cambridcs medical graduate may not be a 
kkiwfir to tbs bumaaitira. 
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A ociingvoQS ittp may ttfa MOMiw : but CmWU|»^ wliidk Itaa oMmi 
tatoa 'the lead before^ dioiild not be aoaid to cut a dear path tlmnq^ the 
taai^ erf medical edticatioa, and laodtica graduatee pexhapi^ may 
know leaa, bat may think more* A atnaller school might prbdiicf greater 
men* Ahex aU« though men judge a tree by its fruits* quality is a oossidera* 
tion as wdl as numbers* 

R* J. V. PULVaUTAFT. 

BMocy of BoottUh Hedtoiiie. By Jom D. Comus* M.A* B.Sc.* M*a* 
F.R.C.P. Second Edition. Two Volumes. [Pt>. 832, with 2 platee 
and 404 illustrations in the text.] (London: Baulitre^ Tindall A Cox* 
lor the Wellcome Historical Museum* 1932, Price 50s. net.) 

Altboxjgh nominally a fresh edition* this is actually a new work* so gmtly 
has it been extended from the limited one-volume production that was issued 
to celebrate the inauguration of the section for Medical History at the British 
Mescal Association Meeting held in Edinburgh in 1927. As it stands* it is a 
notable book which* withm the limits the author has set himself* must be 
regarded as definitive. It may* as time goes on* be amplified* but it can 
never be superseded. 

The pla^ which Scotland has filled in the history of medicine is no 
insignificant one, and Dr. Comrie has exhaustively demonstrated this propo* 
•ition without any appearance of conscious effort to emphasise the fact and 
with such a degree of facvitability as places his narrative well upon the plane 
of genius. 

In the story of the subject during mediaeval times again* there is much 
that sounds strange and curious to modem ears* yet through it all there 
runs a unity of steady evolution* progress* and development ; and not all the 
early remedies were so absurd as at first sight they may appear* empirical 
knowledge regarding quite a number of them having to-day cairied us not 
much farther beyond the practice of our distant ancestors when that pactice 
has been seen distinctly* cleared of the religious and superstitiotts mlla that 
generalfy obscured the essential aspects thereof. 

Dr. Comrie's chapters on Gaelic Medicine are particularly interesting and 
appropriate, and his detailed and descriptive calendar of the various medumval 
manuscripts available for reference in the great national and other Itearies 
is a section whose value cannot be over-estimated. So* likewise* is the final 
short chapter in which are summarised* in clear and direct tenns* the medical 
legislative changes in the nineteenth and early twentieth centuries. One 
fe^* at times* that something more than the dry bones of many of the dead* 
and^one controversies might have been displayed, for* not infrequently* it 
was by such that new light was brought to shme with complete and conclusive 
effect ; but limits of space no doubt was the ruling factor there. 

Altogether* apa^ £x)m the letterpress* the volumes should have mads a 
very respectable history of Scottish Medicine by means of the illustrations 
aloM* the portrait gallery itself being as nearly complete as it were possible 
to be in such a work. Every school of Sottish Medicine—Edinbusgh* 
Glasgow* Aberdeen* St. AndrewfH -48 adequately represented. 

William SAtmoxag* 

mscviiiJurTO 

n/skmtamxtni OoUaotefi Leotum and BiiayA Edited by O. von 
GauBBR, translated from the German by G. T. McCaw and F, A. 
Cazalet. [Pp. xii 454, with 333 illustrations and inset mapj 
(London : Chapman A Hall* 1932. 30s. net.) 

Tmis is not a book for casual readers. 

The editor states that it has been compiled mainly from lectures deUversd 
during tiie Vacation Course on Photogrammetry at Jena in X929. 
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The iiteothm of the chaptm to be included was decided on the followtng 
priad^les: 

(t) That ^bey should be limited to the applications of Photogfammetry 
in tile eervice of Topomphy. 

(a) That they shotud provide a coherent review of the principles, methods, 
and inatroinents of Pbototopography ; and 

(3) That they should include an examination of the relative efficiencies 
of ^^mous instruments and methods. 

To indicate the scope of the work« perhaps it will be best to quote the 
headings of the chapters, viz. : 

I. The Aims and Problems of Topographical Photogrammetry. 

II. The Geometrical Bases of Photogrammetry. 

VII. Ground Photogrammetry. 

X. Stereoscopic Vision and Measurement. 

XI. Automatic Plotting Apparatus* 

Xn. Operational Methods and Production, all by O. von Gruber, D.Ph. 

III. The Rendering of Details in Photographs, by K. Grundlach. 

IV. Some Zeiss L^aes for Photogrammetry, by W. Mert^. 

IX. The Development of Photogrammetry in the Light of Invention, by 
W, Sander. 

V. Requirements for the Ginstruction of Rotating Disc Shutters, and 
their Realisation ; and 

VI. The Zeiss Air Cameras, by H. Kiippenbender. 

VIII. A Portable Phototheodolite, and its use on the Alai-Palmar Expedition 
of 1928, by R. Finsterwalter. 

XIII. The Efficacy of Photogrammetry for Precision and Economy, by L. 
Fritz. 

Of the authors, it may be mentioned that the four first named are scientific 
members, in different sections, of the firm of Carl Zeiss, Jena ; the fifth is 
constructional supervisor of the firm of 2 ^i 8 S-Ikon, Dresden : while the two 
last named are, res^tively, the lecturer in Geodesy and the Senior Professor 
of Geodesy, at the Technological High Schools of Hanover and Stuttgart. 

From this list, it may imagined that the book is written somewhat 
from the viewpoint of the ffirm of Zeiss. It is, however, nevertheless, un- 
doubtedly a useful contribution to the scientific study of its subject. 

Most of its chapters contains records of original research, and some of 
them are made up almost entirely of the results of such work. 

The elaborate mathematical investigations in Chapter V (occup3ring 
forty-six pages), on Rotating Disc Shutters, are an examine of the thorough- 
ness with which the study has been carried out. 

Chapter IX, on the development of Photogrammetry, is stated to have 
been wntten from the standpoint of a patent agent, and is, perhaps, the most 
interesting to the general rei^ier, besides being one of the longest. 

Chapter VIII contains only a vary brief record of an interesting survey, 
end judging from the excellent phot^aphs one could wish it had given a 
fuller account of the personal experiences of the party. 

The translators state that the text of the original has been fc^wed as 
closely as possible ; and, indeed, it is difficult to avoid a wish that they had 
been less conscientious in this respect. The phraseology and the construction 
of sentences differ so much in the two languages, that (at all events to the 
present writer) it seems clear that a freer translation would have made the 
hock less difficult for the English reader. 

Moat chapters conclude with taUee of references, and the index and 
ilUMratioiw ale 


M. T. M, O. 
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IWhMifeir ml Hit Q H I H ¥ tfy Hmu Braiktaittal MAmb to tins 

ikiibHitto of PhOoffopliy* Bjr Sir Herbert Samurl^ t^. jg*} 
(Lcmdoa : Xogan Ami. I^rwch* IMboer ft Co., Ltd., xgsa. ri^ 
t$. 6d. net) 

Tmt addxRM oonttHutas an ekM}iiaat plea to phiioeophere to ditip tiielr 
eaotaiic language and come down to the level of the ordmaiy man who now, 
xnom timn ever, reouizes their help; in other wonis, to furtlier the object for 
which the British institute of Pml^phy was founded. ^ 

From the point of view of the pure scientist, however, the importance of 
this booklet ml consist of the fact that it contains a letter from Rinstein 


written to the author on the subject of causality. During the last few years, 
as we know, the universe has been getting more and more mysti^ons, 
physics has been allied with mysticism, and even causality has light- 
heartedly thrown overboard. All this time Rinstein has said nothing. At 
last he has been persuaded to speak. Part of his letter must be quoted : 

** Hitherto people have looked upon the Principle of Causality as a propo- 
sition which would in the course of years admit of experimental proof with 
an ever-increasing degree of exactitude. Positively defmed as a limiting 
pro|X)Bition, the i^ciple runs as follows : 

The state (which can be ascertained as accurately as desired by obser- 
vation) of an isolated system at time ti determines unequivocally the state 
of the system at every other time Ig. 

** Now Heisenberg has discovered a flaw in the proposition, which de- 
prives it in a certain sense of its content. It can be shown, that is to say, 
ttot the state of a system cannot as a matter of fact be exactly ascertain^ 
at all, because the observation necessarily influences the state of the system, 
and tibiat not to as small a degree as one chooses, but in a finite degree that 
can be mathematically formulated. But if the state cannot be accurately 
ascertained, then the principle of causality loses its significance as an empirical 
proposition. 

Causality is thus only conceivable as a Form of ike theoretical system. 
Now modem physicists are mainly of the opinion that it is inadmissible to 
build up any sort of theory on what cannot, in principle, be tested. They 
maintam therefore that a deterministic theory is to be rejected, and that it is 
merely conservatism based on custom and prejudices to search after such a 
theory. In this they go, in my opinion, too far. 

” For the choice of a theory is determined by two points of view. It 
ought, firstly, to form a bridge between experienceable facts, and bring these 
into as many-sided a connection as possible. And, secondly, it ought to be 
built up on the simplest possible premisses. This last condition, however, 
seems to me to be only v^ inadequately fulfilled by the quantum theory 
in its present form, and this just because it rests on a theory of probability. 

It should be noted that every theory, even the present quantum theory, 
mAfkAi ttse of concepts which do not really admit of experimental tests. 
And so the postulate on which the exclusion of causality is based cannot be 
fulfilled at all/* 

at once profound, scientific, concise, and epistemologically unaaeailaUe» 
qualities rare at any time, but particularly so at the present. 

G. B. Browh. 


ligitoliim mi PioUeiiie der Hatarwiasspidialtgn. By B&mssuakd Bavtiix# 
ppp. viii 6i6, with 88 illustrations.] (Leipzig : Verlag von S. 
llirzel, I9|0. Price 25 Marks.) 

Tttts is the fourth edition, now revis^ and enlarged, of a book which hue 
1as4 R wide popularity in Germany. It gives a survey of the results and chief 
tMnies of all the major branches of modem natural scienoe. It is dividud 
into lour main divisions. The first deals with chemistry and phytdGS» tbe 
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iaficn^ iritli iUrtiijeuixniiy ud Coinia«^ 

itn thla Naim imd Mtmck miggestt^^^-dedi wHh the rdb- 
tUkue ci hwnan beings to one another and to the rmt of natare. In spite 
ol its edde range it is by no means a popular *’ book in the sense in which 
that word is used by Exiglish pubUshars. It is essentially a book for the 
iciehtidc reader who is interested in regarding his own science in its relation 
to'othsars. There is no book in one volume in English which covers such a 
range of topics without superficiality. The author devotes a good deal of 
to the logical and epistemologicid problems of modem science, especially 
in connection with physics. The Englkh reader will find here a good intro- 
duction to the wmrk of German writers in this field. In this cofiaectioa 
Prof. Pavink opposes the Viennese school of Schlick, Carnap, and others, 
and defends the Realist standpoint. The book includes a very full biblio- 
graphy, name-index and subject-index, and thirtv-four pages of notes in 
which special problems are further di^ussed ana other rderences given. 
Such a work deserves to be better known in England. 

J. H. W. 

ArdMcdogy in Sngland imd Wilas» By T. D. Kbkdrick, M. A., 

and C. F. C. Hawkbs, M.A., F.S.A. [Pp. xix + 371.] (London 1 
Methuen A Co. Price i8s, net.) 

AncHJBOiLOQy is now a highly specialised study with many branches, and it 
is doubtful if there are many, even among archseologists themselves, who 
realise how great has been the volume of discovery in England and Wales 
daring the seventeen years covered by this book. Notwithstanding the 
concise treatment of both fact and tlieory, the authors occupy some three 
hundred and fifty pages, exclusive of sixteen pages of closely printed index, 
to give an account of the new material which has accrued in the time. Mere 
buUr, it is true, is no criterion of progress ; but the discoveries range from 
prepabeoUthic man to the Anglo-Siucons ; and they include such important 
additions to knowledge as " Woodhenge " and " The Sanctuary,'" Windmill 
Hill, and the fort of St. Catherine's Hill, any one of which might alone suffice 
to 9J^k a decade in archaeological exploration as memorable. 

The division of labour between the authors has been happy. Mr. Kendrick 
is responsible for the first eight chapters. He deals with prepalasolithic man, 
where he displays a commendable caution, the palaeolithic, mesolithic, neo- 
lithic and early and middle Bronze Ages, adding chapters on " flint mines " 
and the " Henge " monuments, stone circto and rock-sculptures. Mr. 
Hawkes follows with the late Bronze Age, the early Iron Age, auad Roman 
Britain, Mr. Kendrick writes the concluding chapter on the Anglo-Saxons. 

Where so much is of high quality it would be invidious to select ; yet 
the intricacy of the subject-matter, as well as intrinsic interest, give a special 
value to Mr. Hawkea's chapters on the late Bronze Age and the Iron Age, 
Mr. Kendrick's lucid eaqposition of the present position of the Stonehenge 
ptoblm-— still, as he says, a major problem of British archasolQgy — and of the 
theories of the excavate of Woodhenge and the Sanctuary will appreciated 
by those who have not had the opportunity of acoess to the originaa accounts 
of the work of exploration. Special interest also attaches to the chapter on 
tbe Anglo-Saxons, for in tiiis period, as he haa riiown in his evening lecture to 
the Prehistoric Congress and elsewhere, Mr. Kendrick has it in mind to raise 
aome pretty problems in the analysis oi artistic origins and Gbronology. 

It IS of advanta^ to a science, especially when, hJos archasology, it ^vanoes 
hy the analysis and oon^parative study of a multftude of detriis, that stock 
WM be taken periodicahy. Our authors have hare put their colleagues 
tmder an otdigaiion bv carrying out a task, which if not thankless must at 
iMt Imve had its tedious moments. For the general reader the interest and 
yMneotihebookliein theftctthatiiotinUymesitlu^ abreast of the 
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ImomMgp of tfae dajr* but It oqoi|Mi him to foUoir futtm tfti* 
wmy Witb imd«r«tflUid^ In this tho vonr amide ffliiitnitioiH-30 plates 
and 123 figum in the text--^udU assist matedWIy. 

E, N. Paixsise. 

Wliaiiss: A treailse on the neoty ai^ Fvaetioe of 

Mgliilliiif . By L. B. Torksr, M.A., M J.E.E. [ 1 ^. xviU + 528, 
urith 3X plates and 342 diagrams.] (Cambridge University Fiess, 
1931. Price 25s. net.) 

IM spite of the flood of books on the subject of wireless communication udiich 
has appeared in recent years, little has been done to supply the needs of the 
student equipped with the necessary groundwork of physic^ and mathemati* 
cal knowledge who wishes to become acquainted with the principles of this 
new and important branch of applied science. This gap has now been filled 
by Blr, Turner in a highly satisfacto^ manner. The presSent book is a develop- 
ment of the author's Outline of Wireless, but so great has been the progress 
made during the intervening ten years that the new work bears little resem- 
blance either in matter or in size to its predecessor ; the greater part of it 
is now naturally devoted to the thermionic valve and its associated circuits, 
Although the older methods have not been entirely ignored. 

The subjects dealt with include the theo^ of electromagnetic radiation 
and of its propagation round the earth, oscillatory circuits, the production 
and detection of high-frequency currents, thermionic tubes and '^eir use as 
amplifiers, oscillators, and rectifiers, telephony, antenna systems, filters 
and the nature of atmospherics. Some limits must obviously be set to a 
work of this sort, and the author has wisely refrained from entering on the 
wide field of radio-frequency measurements and the special problems of 
phototelegraphy and television. The book is, however, thoroughly up»to-date 
and includes such matters as screen-grid valves, frequency stabilisation by 
means of tuning-forks and quartz crystals, single side-band transmission, ana 
beam antennae. The problem of rectification is dealt with in considerable 
detail, including the case of linear detection at large amplitudea, the import- 
ance of which in the reception of modem deeply modulated broadcamng 
transmitters is now recognised. In the chapter on the valve oscillator ibe 
case of operation at high efficiency, where the limits of the linear character- 
istic are exceeded, is fully treated and clearly contrasted with the sinoidal 
regime, in which the ef&ciency is necessarily low ; this should do much to 
remove misconceptions based on the over-simpUiM treatment frequently 
adop^. 

author writes in a lucid style and maintains throughout a vary sAtkn 
factory balance between the physical, mathematical and engineenng aspects 
of the subject. The numerous excellent diagrams contribute materially to 
tfae easy understanding of the text. 

N. L. Y.-F. 

the Mitel Bemrini of Bsdy Hu. By Albs Hrpucxa. [Po. viii 4- 379.} 
(Washington : Smithsonian Miscellaneous Collections, Vol. S31 jity 
1930.) 

Tins volume is in eflect an enlarged edition of a small treatise on The Most 
Ancient Skeletaf Remains of Man, originally published in 1914 and reprinted 
two years later by the Smithsonian Instmtion. It has long been out of 
and tfae author accordingly has prepared the present volume in which, 
notedthstanding the change of title, the plan of t^ earlier work is retained. 
Its aim is to give reliable data, including as far aa possible original obeerva^ 
tions and measurements, on the older and more valuable skeletal remaitis of 
tnu. It deals only with the remains of forms that difiered auhttaetially 
from those of later prehistoric time and those of the pxesut It qbsei, 
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after tlie detailed exainiMtioa of individual specmumsi vdth the 
coitiidieratkiin of the Neanderthal problem. 

The later publicatiou differs from the original, not merely by the inclusioil 
of descriptions of the numerous finds which have been made since 1914, such 
as Hhodesian man, the Gibraltar child discovered by Miss Dorothy Garrod^ 
the Galilee skull and the Rome Skull, but there are added the results of 
repeated personal examination of the older material made since 19x4. Indeed*- 
one of the chief merits of the book is that it is so largely a recmd of the per, 
sonal observations, checked more than once, of so careful an observer as 
Dr. Hrdli^ka on both the old and the new material. Its claim to a permanent 
place on the anthropologist's reference shelf lies in its value as a repository 
of accurate and, so far as possible, complete information on the skeletal 
remains of early man. 

It must not be assumed, however, that this is the book^s only merit. 
With the part of the unbiased scientific observer, Dr. Hrdli^ka doubles that 
of the imp^ial judge before whom theory is brought to the test of evidence. 
His dualities as a ruthless critic, who exacts the utmost rigour of scientific 
proof before admitting an argument as conclusive, are here usefully exercised 
in testing theories wl^ch have sometimes been more bold than scientifically 
sound. 

The theories of so logical a thinker and so cautious a critic carry double 
weight, even when they nm counter to generally accepted views, as they do 
in the discussion of the Neanderthal problem, where Dr. Hrdlidka argues that 
the modem type of man is directly descended from Neanderth^. It is 
unfortunate that at the time of writing the author had little before him 
relating to the then recently discovered Pekmg man, and, on the evidence 
which had reached him, could not regard it as other than Neanderthaloid. 
His comments on the confiictmg views held on controversial points, which be 
presents in impa^al summary, are always illummatmg. Nor is he always 
contmt with their mere statement. On occasion he can take up a decided 
position himself on one side or the other, as, for instance, inifegard to the 
relation of the femur and skull of pithecanthropus, the t)rpe of the Piltdown 
skull, and the relation of skeletal bones found in the Broken HiU mine to 
Rhodesian man. 

The volume is illustrated by photographs and diagrams, many of them 
new. Whether the reader agrees with Dr. Hrdlidka's views or not, it will 
always be a valued and helpful possession. 

E. N. Faxxaize. 

Oitalogue ol ZiSttii gad yeragoalar Aloheniioal Kanuscripti ia Great Brtttia 
aad Irdaad datiag from before the Strteeath Oeatory. By Dohothy 
Wa«V Singer, assisted by Annie Anderson. [Three vols. Pp. 
xxxi 4 - 11790 (Brussels : union Acad^mique Internationale, Palais 
des Acaddnues, 1928-31. Price 40 Belgas.) 

This catalogue appearing under the auspices of the Union Acaddmiqfie 
latemationala is a supplement to the catalogue of Greek Alchemical Manu- 
scripts in the various countries of the world in course of publication by that 
body. It owes its origin to the devotion of Mrs. Singer to &e cause of learning 
In that rim has, for the benefit of other scholars^ untotaken the labour of 
ammging in catalogue form the material she has collected over many years 
in ODxinectiou with the history of medieval sdenoe. The British Ac^my, 
as a ewtribution to the Work of the Union Acaddmique Internationale, has 
fenexouri^ borne the cost of printing the work. 

The number and variety of these early manuscripts preserved in England 
^ lisobably come as a surprise to many interested in the early history of 
Qbeimstryi riiis catalogue gives some indication of the vast amount of 
masariel avafiabte for xeseorch. Unfortunatdy» an adequate knowledge of 



5S6 SClENCte PROGRESS 

Latin and Chamlitry ia not oommoafy comtsinad fai one individnat in tlMlia 
dava^ nor la reaeaxch in tbe Histoxy <n Soteica auffidantiy enoonxttgiMt in tta 
ndkmitiea, though London haa done aomething in this dixection in vacant 
yaavB. Un^, however, work of this kind ia contidered at least as important ^ 
and brings the aame material rawarda aa the leas-anacting expeeriaamtal 
taaearch, it ia nnUkely that a true appreciation of the knowledge of the earlier 
workers in Chemistry will be forthcoming. 

There are six main divisions of the Catalogue : Greek and Arabic Alchemy 
in Proae, Western Alchemy in Prose* Anonymous Alchemical Proaa Work^ 
Alchemi^ Verse and Commentaries thereon. Chemical Crafts and Natural 
Magic, and Alchemical and Technical Recipes and Notes. These are Idlowed 
two ajmendicea, and the work ia very thoroughly indexed. Perhaps the 
moat notable omission is a list of abbreviations which would have been of 
considerable use to some interested in the subject who are not familiar with 
the usual abbreviations of catalogues. 

Mira. Singer has greatly aimplihed the work of anyone anxious to throw 
new light on the fascinating subject of alchemy, and it is to be hoped that 
workem in this field will be forthcoming. 

O. L. B, 

tanks: k Study ot Aerial Disperse Svstems« By R. Wrytlaw-Grav, 
O.B.E., Ph.D., F.R.S., and H. S. Patterson, B.Sc, [Pp. viii -f rpa.] 
(London : E. Arnold & Co., 1932. Price 14s. net.) 

Suddenly it all seemed as smoke to Litvinov, seated in a railway train, 
everything, his own life, everything human. All steam and smoke, he thought ; 
all seems for ever changing, on sides new forms, phantoms flying alter 
phantoms, while in reality it is all the same and the same again ; evei^hing 
hurrying, flying towards something and everything vanishing without a trace, 
attaining to nothing ; another wind blows and all is dashing in the opposite 
direction, and there again the same untiring, restless and useless gambols.** 
The authors, in this b^k, have a very diflorent philosophy to that of Turge> 
nev, who wrote the novel bearing the same title. They have made smoko 
give up some of its secrets, so that to a physical chemist it will no longer be 
a conjurer of memories, but another subject to be added to the curriculum. 

The major thesis of this monograph is directed towards the measurement 
of changes occurnngm ''smokes'' as they coagulate on ageing, and fascinating 
photographs are shown of the formation of daisy-chain clusters of cadmium- 
oxide smoke contrasted with the gradual tadpole-like growth of m^xylene- 
axo- 0 -naphthol smoke. They show that the theory of Smoluchovski, 
designed to account for coagulation in colloidal systems, can be modified to 
be suitable for this ageing eflect in " smokes.** 

The classical experiments on the charge on an electron are cleverly modified 
to yield information about the number, sise and density of smoke particles. 
A chapter is devoted to photophoresis, or the behaviour which some particlee 
ibow of moving either towards or away from the source of a beam of light. 
By setting two light beams at an angle the particles can be made to turn 
oomers. Another chapter gives a very thorough experimental and theoretical 
treatment of the scattering of light by " smokes ‘* and shows conchiaively 
ediy previons work on coagulation of " smokes ’* was incorrect. In a chapter 
on the electrification of " smokes " it is shown that very difEerent character* 
litics are obtained depending on whetiier the initial charge is slight or Ugh, 
A smoke fanned by unipolar electrostatic brush discharge tended to form a 
curious spherical cluster in the centre of the smoke chamber. The book 
oencludes with a chapter on the evaporation of small droplets end by enumer- 
ate a number of problems which still remain to be solved. 

authors discard the theory of von Wehnam of nude! formation, as 
having little appUcation to *' smokes,’* since the temfStfuture dusinf dispeiiai 
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li fridm&y dumgifig* Stifely an animoniom'K^Uoride imoke can ba nro* 
dnm arUdi would not bava wb diaadvantaga, and would allow the appfica* 
tion Of an enpedmental test ? 

This book, in davdopxng an exact experimental technique for the study 
of smokes/' should give an impetus to their study and elucidation, at least 
in so far as to bring our knowledge of them on to the same footing as other 
colloidal systems. It should form an excellent foundation for chemical 
engineering research work ; on the one hand, for the adequate removal of all 
smokes,*' whether from the combustion of fuel or from chemical reactions, 
which now pollute our atmosphere ; and, on the other hand, for the j^para- 
tion of stable smoke screens or the production of such compounds as rinc 
oxide in controlled degrees of fineness. 

M. B. Donald. 


Imilisni Bnrope. By Marion I. Newbigin, D.Sc. [Pp. 515O (London : 
Methuen St Co., 1932. Price 215. net.) 

This work is a regional and economic geography of six countries of Southern 
Europe — Spain and Portugal, Italy and Switserland, Greece and Albania. 
There is a very useful bibliography at the end of each section ; this indicates 
the author*s debt to continental geographers and geologists from whose 
works she draws freely, thereby rendering real service to those English 
students who are not familiar with this extensive literature. But for the 
smaller work on the Mediterranean Lands which Miss Newbigin brought 
out eight years ago, this is the first important work on its region in English ; 
and it is at once indispensable to all students of the geography of Europe. 

Structural evolution, as a help to the interpretation of geograj^cal 
features, is given chief place in this volume. In the regional sections this is 
fallowed by accounts of relief, details of frontiers, natural divisions, and clim- 
ate, leading to the human geography, i*e, communications, population, and 
products. 

The book is certainly ** close reading ** as the author says in her preface. 
One frequently feels lost in a welter of detail ; though there is an attempt to 
prevent this by occasional brief summaries of the argument. There is also a 
marked lack of general map-diagrams. In the section on general climate 
maps of the rainfall |distributions, and of the climatic regions adopted, 
would have been of great assistance to the reader. But there are no such 
maps in the book. And, although the work is primarily a regional geography, 
the limits of the ** natux^ divisions ** used are often left vague ; and in only 
One case, the Iberian Peninsula, is there a map to show them. In ihe occa- 
sional use of very long involved sentences {e.g, at the bottom of p. 74) and the 
relativa lack of diagrsuns this book falls far Mow the high standard of clarity 
to which Miss Newbigin has accustomed her readers. We may hope that t^ 
second edition, which will probably be required soon, will be revised ixom this 
point of view. 

R. E. D, 

A look Ql Oeiiocsl (otanoi. By M. J. Hilton. {Pp. 399 and 157, with 
illustrations.] (Toronto : The Macmillan Co., 1931. Rrice 7s. M.) 

textbook of general science has been authorised by the Ministers of 
Idocation lor Alberta and British Columbia and is, apparently, intended to 
be 4 IbNMls upon which the teacher can build up his own course. The tasiching 
tbroxmbont is kept in dose touch with daily life, and teachers of science in 
sdbom will find many valuable hints. Some of the terms used are strange 
to Engliiih readers, as, for instance, " teeter for " see-saw." The book 
ikqokl |kid a {daoe In the school library for special reading. 

W. C. Browk^ 
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RECENT ADVANCES IN SCIENCE 


Atvxam MArEMmArtm. By Prof. F. S. Rbltom, D.Sc.. M.A., 
Royal Sehocd of Bngiaeoiing, Gixa. 


Hydrodynamics , — ^The air of irreality that han^ over certain 
branches of this subject is nowhere more noticeable than in 
our discussion of two-dimensional problems. The omission of 
one of three co-ordinates might, at first sight, be e3q>^ed to 
obviate an immense amount of complexity. No doubt it does ; 
but even with this modification, the discussion of a compara- 
tively simple-lookmg ^blem makes very considerable demands 
on our knowledge of pure mathematics. How much more, 
therefore, may we expect the difficulties to increase when we 
attempt to make rigorous discussion of the corresponding 
problems in three dimensions. The two-dimensional case has 
the immense advantage of bringing to hand all our knowledge 
of the complex vanable and conformal representation. It does 
at least give us a chance to make some sort of attempt on 
problems involving rigid boundaries and free stream lines, 
thoi^;h nobody can regard the limitation to a plane as anything 
but Si pis (Mrr, 

When we attempt the three-dimensional problems, there is 
no powerful general method, analogous to conformal representa- 
tion, to come to our aid. We are accordingly thrown back on 
some special system of co-ordinates, and reduced to cho<»ing 
the problem to fit the answer. The procedure seems inevitable 
antu some very decisive advance ^ been made in related 
branches of pure mathematics, notably in the realm of p^ial 
ddln'ential equations, of which our knowledge is depressingly 
small. 


The foregoing remarks are well illustrated by a phenomenon 
in fluid motion with which we are all familiar from infancy — the 
jet of liquid. With a wealth of high^ mathematics, and after 
stripping the problem of every semblance of reality, HelmholtE 
spli^ the analogue of the parallel-plate condenser. Since 
taen, numerous allied questions have been treated, with rigid 
Iwnndaries and free stream lines ; but the exact solution of 
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pifMm of the fbiid jet seeutt m fir off 
osemA’. ib 4 efiittlt,oiienaturaJlytiinutoiK>iiwsortof»pproxi-> 
motive metliod, and this brings me to a groiqp of five j^pm 
wtach have recentlv appeared. 

V. Volterra writes, “ Sur les jets liquides " (J. Maik. fmrt$ 
^pl., vol. IX, 11, 1-35), in a paper that falls into two sections. 
Bmt premising the existence 01 a force potential, and taking 
the free bouncuiry surface as known, he d^ves the diffeinential 
^uation of the velocity distribution on the surface. This is 
interesting because the stream lines coincide with the trajec* 
tones of particles moving freely on the boundary surface. 
When this surface happens to be one of rotation, considerate 
progress can be made. The second part is taken up with the 
determination of the velocity inside the jet, and with the search 
for a possible rigid boundary. The work is carried out approxi- 
matively when the free surface and the rigid boundary are not 
too disparate. 

There is a sequel to Volterra 's work, the reference being 
the same as before (pp. 57-^), in a Contribution k I'^tude 
des jets iluides," by Joseph Pdrks. The approximative 
methods of Volterra are here applied to the case where tlw 
boundary surface is not of revolution. The interveninjg pp. 
37-56 are occupied by T. Levi-Qvita, " Sur les jets liquides," 
which is best taken in conjunction with another paper by the 
same author " Sui getti liquidi " {Rmd. Sttmn. mat. fia., 
Milano, fi, 154-173). These two papers set out to find a treat- 
ment which shall accord reasonably well with the known 
experimental results. They differ mom ordinary potential- 
thwry methods in much the same way that the simplified 
beam theory differs from academic elasticity. What the 
author denotes by a " linear condition " corresponds to an 
average over the cross-section of the fluid jet, considered as 
thin. It then remains to define some curve as the middle line, 
possibly variable with time. Under certain reasonable assump- 
tions concerning the pressure distribution over the cross- 
section, equations can be derived which have the form of the 
eqimtiotts for the motion of a perfectly flexible, inextensihile 
stiiag. In the steady state they coincide these latter, 
and frad to the corresponding catenary. The test experimfiUts 
confirm this result for the bei^ning of the stream, which widens 
later and describes its free path, parabolic in the gravitational 
field. 

A corollary to the foregoing work was given by G. tarn- 
paridUo, " Sulle rauaziom diffdrenziaii dl Levi-^vita nel 
problema dei getti liquidi " (Atii Accad. naa. Une$i, 
voL VI, 14 , 556-tel. This is essentially pure mathematics, 
behug ocmceanied with the existence of mpmr eolutions of the 
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tpitem i the question is ck>sely related to the equation of 
heat conduction. 

three papm, on twcnJimensional vortex motion, have 
sufficient affii^ies to make it TOssible to group them together. 
W. B. Morton writes “ On the Motion near Two Straight ParaUel 
Vortices " {Proc. Roy. Irish Acad,, A 41 , 1-7). Rosario 
G>rmari writes on the '* Arioni dinamiche eserdtate in un moto 
piano uquido provocato da vortici liberi in un sexnipiano *’ 
\NoU Escrcii. Mai., %, 255-9) ; whilst another Italian, Bruto 
Caldonazzo, has a more ambitious effort, “ Sui moti liquid! 
piani con un vortice libero (Rond. Cite. mat. Palmno, M, 
369-94). In a higher categoi^ than these, there is work on the 
finite vortex from the pen of J. Rossignol, Probldne touchant 
des tourbiUons cylindriques de section finie ’* (C.R. Acad. Set., 
Paris, 194 , 302^8). This is a continuation of some earlier 
work, published in the preceding volume of the same journal. 
The former work consisted in the derivation of a pair of integral 
equations on which the solution of the problem depended ; the 
present work deals with the solution of these by successive 
approximation. 

Elasticity. — It is a pity, in some visys, that certain branches 
of mathematics failed to develop in a different order, (^e can 
see that it would have been an advantage if vector analysis 
and tensor calculus had established a footing earlier. As 
thin^ are at present, they give to all except the very young 
the impression of having arrived at the circus after the show 
is over. They accordingly have to j ustify their late appearance, 
to the older ones, by performii^ all the old tricks more neatly 
than the clumsier Cartesian analysis could do. Most of the 
standard textbooks, such as those on elasticity and fluid 
motion, whose reputations have slowly built themselves up 
over a generation and which are based on Cartesian methods, 
will no doubt never be rewritten on modem lines. It would be 
too much like pouring new wine into old bottles. We may, 
therefore, expect to see the gradual appearance of monograph 
and booklets, treating these and allied subjects on modem 
lises, with the gradual supersession of the present standard 
worto. 

What form will the booklets take? No doubt vector 
analysis will occupy the earlier stages ; but what of the later 
atam ? For most of the theoretic work on viscous motion 
ana elasticity the treatment by dyadics suffices. In reality, 
very few writers use the dyadic idea except when i^cifically 
wririiv on vector analysis. The tendeni^ is now for writers 
to ittwe the longer ranged tensor calculus. This is noticeable 
fil Rid^rd Gnns's Vector Attalysis, where tensors are intro- 
flNited but dyadics not mentioned. Tensor calculua is now part 
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of the normal course in mathematics at the French his^er 
polytechnics. 

One such production as I have mentioned is by Jean Villay, 
“ Introduction k I'^tude de la resistance des materiaux ” 
(Mtm, Sd. physimes Fasc., 81 , 1-76). In contradistinction to 
the other fascicules that have appeared in this collection, it is 
less a conspectus of the present state of our knowledge of the 
subject than an introduction to the mathematical groundwork 
of elasticity and its connection with strength of materials. The 
first three diapters are concerned with the stress and strain 
tensors, and their connection through the laAvs of elasticity. 
Three further chapters are concerned with beam theory, and 
two with statically indeterminate problems ; a final chapter 
adverts to the significance of the theory of plasticity, a subject 
which will be treated more fully in a future issue. 

A piece of work, chiefly of theoretical interest, is by Angelo 
Tonolo, “ Sui sistemi isostatici con sforzi costanti di un mezzo 
elastico in equilibrio ” (Ann. Scuola norm, super. Pisa, vol. 11 , 1 , 
277-83). Postulating the absence of body forces, and adopt- 
ing the hypothesis that the principal stresses are invariant 
with position, the problem is to find all the triply orthogonal 
families of surfaces whose intersections give the principal axes 
of stress. Apparently there is no restriction when the principal 
stresses are all equal ; when no two are equal, the only possible 
surfaces are planes. 

The question of isostatic systems is further discussed, by the 
same author, in a manner that takes cognisance of space- 
curvature. The source is “ Sistemi isostatici dei corpi elastici 
negli spazi a curvatura costante ” {Semin, mat. Univ. Padova, 
8 , 1 52-63). The fundamental assumptions are much as before ; 
the conclusions, for a space of positive curvature, exclude the 
existence of media wherein the stresses are all different and 
pointwise invariant. Space of negative curvature admits of 
one of the three principal stresses being zero, the other two being 
equal and opposite. 

Those who are interested in problems relating to shafts will 
remember Howland’s recent paper in the Phil. Mag. and 
Robertson’s criticism in the same journal ; I mentioned both 
in my last article. 1 now have to ^w attention to a number 
of alued papers. Rembold and Jehlicka are brief in " Resonan- 
zausschliige bei Drehschwingungen von Kurbelwellen ” (Z. Ver. 
Deutsck. Ing., 1, 480-2). R. Grammel’s work on “ Die erzwun- 
genen Drehschwingungen von Kurbelwellen ” {Ing. Arch., 8 , 
76-88) is a continuation of what appeared under his name in 
the previous volume of the same journal. In American litera- 
ture we have C. R. Soderberg “ On the Sub-critical Spee^ of 
the Rotating Shaft ” {Anur. Soc. Mcch. Eng., 64 , 45-52) ; but 
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the long^t effort comes from France and is the work of Th. Got, 
^ntribution k r<$tude des vitesses critiques de flexion des 
arbres toumants ” (/. Ec. poly tech. , vol. 1 1 , 89 , 7-5 3 ). Substanti- 
ally this is a discussion of Dunkerley's empirical formula and 
the theoretical basis on which it can be placed. In a test 
case, fully worked out, the original Dunkerley formula affords a 
better approximation than that given by Hahn’s modification. 
Dunkerley’s work appeared in Phil. Trans., 185 , 279-360, and 
has twice previously been examined by Got. The references 
are : " Sur le calcul des vitesses critiques des arbres toumants de 
section constante et de masse non n^gligeable portant des 
disques minces parfaitement centres ” (C. r. Acad. Set. Paris, 
198 , 706-8, 1931) ; " Sur la valeur des formules de Dunkerley 
et analogues pour le calcul approch6 de la premiere vitesse 
critique de flexion d’un arbre tournant,” in the same volume 
of the same journal, pp^. 836-9. Some of this latter work has 
now been criticised by P. £. Brunelli, “ Intorno ad alcuni valori 
singolari delle velocitk critiche degli alberi ” (Atti Accad. nae. 
Lincei, Rend., vol. VI, 16 , 43-6). Finally, we have S. Gradstein, 
“ Erzwungene Torsionsschwingungen von Kurbelwellen ” {Ing.~ 
Arch., 8, 206-14). 

The torsion of a beam, in which are embedded circular 
pieces with different elastic constants, as in reinforced concrete, 
has been discussed on the usual Saint -Venant hypothesis by 
N. Mouskhelichvili, “ Sur le problfeme de torsion des poutres 
^lastiques compos^es ” (C. R. Acad. Set., Paris, 194 , 1435-7). 
In a different category there is W. J. Duncan’s paper, “ On 
the Torsion of Cylinders of Symmetrical Section ” (Proc. Roy. 
Soc., A 188 , 95-113). The fundamental idea is to develop the 
torsion function in powers of a parameter, and to find the 
coefficients by successive approximation. The solution for 
related cross-sections can be derived by variation of the para- 
meter ; the work is carried out for four types of cross-section. 

Mechanics. — ^Most of the problems on motion in a resisting 
medium resolve themselves, very soon, into exercises on the 
integration of differential eo^tions. llie question of whether 
a particular case shall be discussed or not is usually decided 
by the facility with which the equation can be inte^ted. A 
slight attempt to give something more general has been made 
by G. Doubochine, writing in Russ, astron. J., 9 , pp. 7-19 and 
20-^. The papers are in Russian ; the first, on motion in a 
resbting medium, takes a central Newtonian force and a 
resistance which is an arbitrary function of the velocity and 
the density. The solution then depends on two quasi-integral 
equations. The second paper discusses a particular case ; a 
solution is derivable when the resistance is directly proportional 
to the velocity and the density. 
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It hardly seemed likely that anything strikingly new could 
be said, at this time of day, about the momental ellipsoid. 
Those who read D. Wolkowitsoh’s “ Applications de Tellij^olde 
d'inertie " (C. JH. Acad. Sci. Paris, 194 , 534-6) will find nothing 
in it dynamically new ; but the fact that a rigid body can be 
represented, by either an ellipsoid or a tetrahedron of equal 
mass, leads to interesting geometrical connections between 
these two configurations. 

A distinctly less informative piece of work is by E. R. 
Lowenstem on “ The Stabilising Effect of Imposed Oscillations 
of High Frequency on a Dynamical System ” (Phil. Mag., vol. 
VII, 18, 458-86). The analysis is plain, straightforward, I^gran- 
^ian equation stuff ; the applications are to a pendulum, two 
jointed rods, and three jointed rods, with a moving point of 
support. It seenas rather meagre fare to put into print ; at 
least, it could have been improved by reference to Kelvin’s 
discussion of the problem in general, given in Proc. Roy. Soc., 
A 80 , 194-200 (1892). 

The il^ite number of degrees of freedom of a dynamical 
system is a fixture, irrespective of whatever system of co- 
ordinates is adopted. The number of independent co-ordinates 
is the same as the number of degrees of freedom ; but it is 
sometimes an advantage to take the number of working co- 
ordinates in excess of this. The corresponding modifications 
in the equations of motion have been discussed by C. A. Shook, 
“ An Extension of Lagrange’s Equations ” (Bull. Amer. Maih. 
Soc., 88, 135-44). He replaces the n variables ^ by n + 1 
variables r, and deriv^ n + i Lagrangian et^uations of motion, 
postulating the vanishing of the derivative of the kinetic 
potential with respect to the excess velocity-component. A 
^metrical interpretation is given for the case where m 2. 
The generalisation is to a system with n degrees of freedom 
expressed in terms of » + ^ variables ; application is made to 
a problem in planetary theory. 

The reverse process, of reducing the number of eq^uations, 
has recently been discussed by G. D. Mattioli, *' Sulla nduzione 
di rango dei sistemi canonici mediante integrali generici " 
(AUi Accad, nos. Lined, Rend., vol. VI, 16, 437-43). It we have 
a canonical system with 2w variables, and we knowm integrals 
in involution, we can reduce to a canonical system with 
— m) variables, with a system of m differential equations 
in addition. The procedure to be adopted, when the m 
intwrals include the energy-integral and are not in involution, 
ia the problem which the author discusses. The integration 
constants are used to replace m of the impulse co-ormnates, 
the canonical sjrstem being regarded as the ruffian system for 
the relevant linear differential form. This leads to a com- 
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pletely int^prable system of 2{n - m) + s differential e(|ua> 
tions, to which is added a set of (m — s) differential equations. 
If it happens that the m integrals form a function group, in 
lie's sense, the first of these s}rstems can be given a canonical 
form, a system with 2(» — w + n) variables, together with a 
system oint — zy. equations. 

The discussion of the problem of the top, either under no 
forces or under gravity, soon resolves itself into the study of 
elliptic and hyperelliptic functions. The asymmetrical top 
under no forces, and the symmetrical top under gravity, may 
be considered as solved completely. Ine asjrmmetrical top 
under cavity has been discussed approximatively, in two 
particukr cases, by Grammel. This gives interest to a recent 
paper by Hans C^belein, '* Cber den unsymmetrischen, schwercn 
Kxeisel "{Ann. Physik, vol. V, 18, 889-926). The actual integra- 
tion of the equations of motion is, of course, at present out of 
the question ; but the author has treated the problem approxi- 
matively by perturbation-theory methods in an interesting 
manner. ^ 

The last paper to which I'^rish to direct attention is, 
strictly speaking, not about mechanics but algebra ; but it is 
related to meclmnics sufficiently closely to warrant it being 
mentioned here. In my last article 1 remarked upon a lengthy 
paper by the Russian writer, A. Krylov, dealing with the 
determination of the periods in a S3rstem with numerous degrees 
of freedom. He has given a method of writing the determin- 
antal equation in such form that the parameter occurs only 
in the firnt column, a fact which makes the determinant easy 
to develop. His work has been followed by another Russian, 
writing in the same journal, N. Luzin, " On Krylov’s Method 
of writing the Secular Equation ” {lev. Ahad. Nauk.S S.S.R., 
Otdel. meU. i estest. Nauk, vol. VII, 7 , 903-58). Luzin’s object is 
to find a purely algebraic foundation and interpretation for this 
new and practical method. He admits that his memoir has 
not exhausted the subject, and opines that the subject is, in 
some way, bound up with Liapounov’s theory of the stability 
of motion. 


MAZmAnaAK rarsios. By Pmf. O. Tbmplb, PhD.. D.Se., 
University of London, King’s College. 

The survey of Eddington’s research in the quantum theory 
contained in the last number of Science Progress requires 
to be completed by a reference to his latest paper on " The 
Theory of Electric Chf^e ” {Proc. Roy. Soc., A., 188, 17, I93»)- 
T)^ paper amends, simplifies, and co-ordinates the results of 
asvlier papers in a most strild^ manner. 

The argument may be summarised as follows : According 
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to Fermi and Dirae the wave function for a pair of dectnms 
must be anti^ymmetrical in their co-ordinates. If x and s' 
summanse the co-ordinates of the electrons, the pair of electrons 
is represented in their eight-dimensional co-ordinate space 
either by the point (x, x') or by the complementary point 
(*', x). The direct interclu^ge of x and ap' is a discontinuous 
transformation, but it can be obtained by a series of continuous 
transformations if (x, x') and (x', x) are connected by a path 
passing outside the original co-ordinate space. If displace- 
ments aloi^ this path are measmed by a cyclic co-ordinate x 
which increases from o to « as (*, x') becomes (»', x), then the 
momentum conjugate to x must find a place in the wave- 
equation, in order that probability may be conserved in this 
fictitious dbplacement as well as in real displacement of x and 
x'. It is shown that the corresponding term in the wave- 
equatipn agrees in form with the interaction energy, and a 
further agreement indicates the value of the fine structure 
constant. 

The theory centres round the operator P, which is defined 
in the notation of the previous artide by the equation, 

P-i.LF,FV. 

Then P* — — i, and the two sets F„, FV are connected by the 
relation FV — — PF«P. 

The synunetrical and anti-symmetrical operations 

are transformed according to the law, 

PyiM- ** and Pl^, * •— * ^rP > 
whence and K\y — 

Let (x, x') be the wave-equation for the two electrons. 
Then PiJ;^ - 4^. 

We now replace the discontinuous transformation with 
c^perator P by the group of continuous transformations with 
operator, 

K(x) - exp i(P + Ox- 
When X “ 

and K(x) • (x, x') ^ - il>,. (x', x), 

the momentum operator conjugate to x is given by the 
equation, 

K{x) - exp(xMx). 

Since exp (tdifj* (J* — tj» exp (an + i)Me, the proper 

values of are of the form i(a» + i). 
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The corresponding term in the wave-equation will pre- 
sumably have a similar form to the terms, 

(EttMts + EnMu + EuMji), 

involving the standard angular momenta, 

Mgt ** XtPs * ^iPtf etc. 

Hence it will have the form (P + the denomiimtion 

r. measuring the radius of curvature of the path of the fictitious 
cusplacement. will evidently be proportional to r**, tte 
distance between the electrons, and can be replaced in 
general by i(3n + i ), and usually by its lowest quantum num- 
ber t. Moreover tP can be factorised as follows : 

tP - tP, • iP„ 

where iPim J(— i + EitE'it + EtiE'u + EitE'it), 
and iPg “ J ( — I + E4E'4 + E4E'4 + E44E44'). 

-.‘Pi is Dirac’s interaction operation i(i +o*<j'), and 
tP* wiU usually (either accurately or approximately) be quan- 
tised with proper values ± i. Hence the interaction term in 
the wave-equation will be proportional to (i ± P)/**!*. (The 
term ru”* can easily be removed by a simple transformation.) 

The identification of the numerical constant multiplying 
this term depends upon the transformation of " densitira,’’ 
analogous to tension densities, and uses an agreement similar 
to that consido'ed in Eddington’s previous papers. 

nmaoi. By L. F. Batxs, B.Sc., Fh.D.. F.Iiut.P., Univenity CoUege, 

London. 

British ContribuHons. — Until the publication of a very interest- 
ing paper by Rao and Badami (Proc. Roy. Soc., 188A, p. 540, 
1932), only three lines of the Lyman series of hydrc^en Imd 
been photographed. In their paper a beautiful photograph of 
fifteen lines of this series is given. The record was obtains by 
the use of a discharge tube with a hollow cathode. The latter 
consisted of a carbon tube closed at one end. Near the closed 
end some metallic arsenic could be confined by a perforated 
plate, so that arsenic vapour might enter the tube through the 
perforations. 

The open end of the cathode faced a vacuum spectromph, 
and helium was circulated throi^h the apparatus. Hymt^en 
was not introduced into the apparatus from an external source, 
and any ^nresent occurred as an impurity in the helium. When 
no arsenic was present, fifteen lines of the Lyman series were 
excited, the intensity of the lines decreasing with increase in 
kem number. 
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A pecuUar anomaly in the intensity distribution was 
observed when arsenic was present. The intensity of the 
tenth and eleventh members of the series was considerablv 
increased, wlulst the higher members practically disappeared. 
It is suggested that this is an example of “ sensitised fluorM> 
cence,” the enhancement of members of the Lyman series 
being due to energy transferred to the hydrogen atoms by 
collisions of the second kind with arsenic atoms. 

It is considered that an ionised and excited arsenic atom in 
the metastable 4 p* *So state may collide with a normal hydrogen 
atom and an electron, to produce a hydrogen atom in the 1 ip 
state and a normal arsenic atom. It will be remembered that 
Duifendack and Smith (Phys. Rev., 84 , p. 68, 1929) showed 
that by collision with an excited rare gas atom A’, a normal 
molecule B might be simultaneously ionised and excited — 
thus : A’ + B — A + B+' + electron. The experiments of Rao 
and Badami presumably establish, for the first time, the 
occurrence of the reverse process. 

In two recent papers, by Tyndall and Powell (Proc. Roy. 
Soc., 1 S 6 A, p. 145, 1932) and Powell and Brata (Proc. Roy. Soc., 
188 A, 1 1 7, 1932), an account is given of the determination of 
the mobilities of ions of all the all^li metak in the gases helium, 
neon, argon, krypton, xenon, nitrogen, and hydrogen by the 
fouT'gauze method, a method of high resolving power, suitable 
for the separation of ions of slightly different mobilities. 
Interesting comparisons of the experimental values with those 
deduced from the formulae of Langevin and Hasse are made. 

Langevin assumed that the ions and molecules might be 
regarded as elastic spheres with an inverse fifth power Wee 
between them. This force was attributed to the polarisation 
of the molecules by the ions. He found that the mobility 
A of an ion was given by the expression, 

where p is the density of the gas, D the dielectric constant, M 
the mass of an ion, m the mass of a molecule, and A is a function 
of the sum of the radii or the closest distance of approach of an 
km and a molecule in a collision, and of the pouuisability of 
the molecule. 

Hasse replaced this elastic sphere model by one of point 
centres with attractive and repukive forces, lliis resulto in 
the replacement of the constant A in Langevin 's expression by 
a constant which varies with the relative magnitude of these 
attractive and repukive forces. When the gas is highly 
pokrisable, i.e. the attractive forces are strong, the two coa* 
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stants become practically identical and equal to 0*51, if A it 
expressed in cm. per sec. per unit electrostatic field. 

A series of curves is therefore obtained by ^lottii^ the 
experimental values of the mobilities of the alkali ions against 
the correspondii^ values of [i + for the several gases. 

The experimental points do not lie on the Lan^evin ciurve in 
the cases of helium and neon, but this curve fairly well corre* 
sponds to the expmmental results with argon, krypton, and 
xenon, the respective values of A being 0*54, 0*55, and 0*56. 
The deviations from the curve in the cases of helium and neon 
are precisely of the nature predicted by theory, for the relative 
values of tne polarisabilities of argon, neon, and helium are 
approximately 8, 2, and i respectively. The remarkable agree- 
ment between the calculated and experimental values in the 
cases of the heavier rare gases su^ests that in the majority of 
the collisions between ions and atoms the attractive forces due 
to polarisation predominate. 

Similar experiments carried out with neon give a value of 
A equal to 0*48 ; here, however, definite signs of clustering 
due to the presence of polar impurities are found, unless 
relatively low pressures obtain. Tne main impurity is found 
to be ammonia, and ions formed by the addition of one, two, imd 
three molecules of ammonia were identified by their mobilities. 
It is purposed to add polar impurities in known amounts to 
the rare gases and to study the average number of collisions 
which occur before attachment takes place. 

An attempt has been made to detect the existence of the 
two isotopes of lithium by the difference in their mobilitia. 
Some little success has resulted, and it suggests the possibility 
of a method of concentrating Li« atoms. A search for the 
missing element, 87, ekacaesium, using the mineral santtrddte 
(cf. Papish, J. Amer. Chem. Soc., 68, p. 3818, 1931) with the 
tour-gauze method, has been unsuccessful. 

McLennan, Burton, Pitt, and Wilhelm (Proc. Roy. Soc., 
188 A, p. 245, 1932) have extended their experiments on super- 
conductivity, using alternating currents of high fi'e<)uency. To 
ensure that all the superconductor was imder the influence of 
the alternating current, a tin specimen was used in the form 
of a thin layer wiped ” upon a constantan wire, so that it 
formed a tube with a thickness very small compared with its 
diameter. Consequently, the skin effect of the alternating 
current extended over the whole of the specimen. 

The direct-current resistance of the tin was measured at 
various temperatures, both with and without the accompani- 
ment of high-frequency currents, and the altemating-curratt 
resistanoe was measured with and without the addition of 
direct current. It was definitely established tlmt the critieai 
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point, «.«. the temperature at which the resistance becomes too 
small to measure, for direct^current resistance was lowered by 
the application of high-frequency current, and that the critical 
point for altematii^-current resistance was raised by the 
luresence of a direct current. 

Gtrman Contributions . — ^An attractive piece of research is 
described by O. Betz (Ann. der Phys., 16 , p. 321, 1932), who 
has measur^ the absolution of damped electromagnetic waves 
of wavelengths 3 to 30 cm. in ionised hydrogen, o^^gen, and 
nitrogen. He used a linear oscillator whose efl&aency was 
enormously increased by the use of liquid air as dielectric. The 
latter kept the oscillator cool, while the escaping gas cleaned it. 

The oscillator was placed at the focus of a concave mirror 
and an iron-constantan vacuum thermo-element was placed at 
the focus of a similar mirror. Waves from the oscillator left 
the first mirror in a parallel beam, were reflected by a plane 
mirror on to the second concave mirror, which focused them 
on to the thermo-element. The plane mirror was in two 
symmetrical portions, one of which could be displaced in the 
mrection of the incident rays. Hence, interference maxima 
and minima could be produced at the focus of the second 
concave mirror. The absorbing gas was confined in a glass 
bulb 20 cm. in diameter, at whose centre the thermo-element 
was situated. 

In the case of hydrogen — ^the ionisation was produced by 
the type of long tube usm by R. W. Wood — selective absorp- 
tion maxima were found for wavelengths of 3, 9, and 28 cm. 
These wavelei^hs were found to be independent of the d^p^ 
of ionisation of the gas. They agree as well as can be expect«l 
with the values calculated from the fine structure levels of the 
hydrogen atom, for the transitions 2p, - zs, 2d, - ip„ ip, 
- 3s, and id, - ip, respectively correspond to wavelengths of 
274, 9*25, 9*25, and 2775 cm. 

In an interesting paper on the investigation of the magneto- 
striction of alloys of iron and nickel, F. Lichtenberger (Ann. dsr 
Phys., 16 , p. 45, 1932) describes a method of preparing single 
crystals of these alloys. Vacuum smelted electrolytic iron and 
nickel wires 0*5 nun. in diameter were cut into equal leiq^hs 
and melted together in a quartz tube 2 to 4 mm. wide in an 
induction furnace. By choosing the relative numbers of nickel 
pnd of iron wires an alloy of known composition could be 
obtained. Attempts to prepare single crystals by the Bridge- 
man method were frequently unsuccessful because of the super- 
cooling of the alloys, particularly when the latter were rich in 
nickel. This was overcome by fixi^ an efficient vibrator to 
the top of the quartz tube holder, ‘l^e effective shaking pro- 
duced the nuclei necessary for the commencement of sowi- 
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fication, and in no wise disturbed further |[rowth ; indeed, 
even under the influence of powerful shaking, pure single 
nickel crystals were obtained. 

The magnetostriction of each alloy was measured by the 
variation in the capacity of a condenser, which formed part of 
a heterodyne circuit, and of which one plate was fixed to the 
specimen — ^when the specimen changed its length on change of 
magnetisation. The magnetisation curve was also obtained 
for each specimen, and Lichtenberga considered veiy carefully 
the correction for demagnetisation. One or two of his spea- 
mens were single crystals in the form of tubes, so that by putting 
a small test solenoid inside the middle of a tube, the field 
actually acting upon the specimen in this r^ion could be found. 

The direction of easiest magnetisation is found to be the 
[loo] for alloys with 30 to 71 per cent, nickel, and the [iii] 
for alloys with 71 to too per cent, nickel. The reason for the 
striking behaviour of the alloy generally known as permalloy, 
which contains about 78 per cent, nickel, is probably that its 
composition represents the most satisfactoiy mean between 
the comp<»ition of 71 per cent, nickel, at which the change in 
the direction of easiest magnetisation occurs, the composition 
of 83 per cent, nickel for which polycrystalline magnetostriction 
disappears, and the composition of 85*5 per cent, nickel for 
which magnetostriction is equal in all directions. 

A series of important contributions to the study of the 
diffusion of liquids has recently emanated from Prague (vidt 
Zeit. fiir Pkys., 79 , pp. 275-345, 1932). They owe their 
existence to a new apparatus designed by Zuber for rapid 
work with colourless liquids. To one of the adjacent sides of a 
right-angled prism a narrow glass trough is cemented, so that 
in contact with the side of the prism a vertical film of liquid can 
be placed. The glass trough forms the diffusion chamber and 
a thin horizontal lamina divides it into two portions. The 
lower portion is filled with the liquid whose diffusion coefficient 
is r^uired, and the upper with the solvent. 

The lamina is removed and light from a mercury arc is 
passed through a suitable filter and collimator on to the hypo- 
tenuse of the prism. The latter is set so that light just passes 
through the glass-liquid boundarv to emerge through the narrow 
side of the trough. Consequently, as viewed through a micro- 
scope the field is divided into a bright and a dark portion 
separated by an oblique curved line, which gradually (in the 
microscope field) moves upwards as diffusion proceeds. The 
position of a convenient point on the line of separation, corre- 
sponding to the point of total reflection, is observed at stated 
tunes, and thus the rate of diffusion is directly measured. As 
a microscope is employed, it b sufficient to record observations 
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lor about half an hour, in contrast to earlier methods whkh 
require intervals of time measured in weeks. 

It is found that solutions of electrically neutral liquids and 
solutions of electrolytes obey the Boltzmann diffusion law in 
all cases so far investigated. The variation of the diffumon 
coefficient with concentration is determined by a graphical 
method. In the case of solutions of the alkali halides the 
coefficient first decreases with increase in concentration and 
then increases, characteristic Idnks being recorded at certain 
concentrations. The theoretical aspects of these results are 
examined at length by Sitte. 

An interesting estunation of the energy required to disrupt 
a lead crystal has been made by Hevesy, Seith, and Keil 
(Zm/. fUr Pkys., 79 , p. 197, 1932) by finding the temperature 
variation of the coefficient of diffusion of an isotope of lead. 
Thorium B, into a single crystal of lead. The Thorium B was 
condensed on to the surface of the crystal, and the variation of 
its a-ray activity with time provided a measure of the diffusion 
of the radioactive substance into the lead, for any a-particles 
liberated inside the lead will lose enei^ in emerging from it. 

The diffusion coefficient D is given by the expression 
where A is a constant which is practically independent 
of the absolute temperature T and Q is the heat of disruption 
of the lead crystal. Consequently, log D should vary linearly 
with T, and the slope of the line should give Q. The latter was 
in this way found equal to 27,830 cal. per mol., and both A 
and Q were found not to depend on the crystalline structme. 
With lower values of T it was possible to check the results 
obmined above by measuring the number of recoil atoms 
emitted by the Thorium B at stated times. These measure- 
ments were rather more definite because of the extremely small 
range of the recoil atoms in lead compared with the range of 
the a-T 6 ys in the metal. 

The results of Ramsauer have long accustomed us to the 
ease with which very slow electrons may pass through rare 
gases — almost as if the latter were not present — ^but we have 
so far had little evidence that electrons may move with su^ 
freedom in a discharge tube. Consequently, some new experi- 
ments of GUntherschulze and Keller (Zeit.fUr Pkys., 77, p. 703, 
i93^on glow discharge in rare gases are worthy of note. 

They {voduced their discharges in a spherical glass vessel 
40 mn. in diameter, in which the cathode was a piece of m^- 
sesium supported in the middle of the vessel by a glass-sheathed 
iron wire. The anode was a sputtered coating of magnesium 
covoing practically the whole of the inner surface of the vessel, 
so that no disturbances arose from charges upon its walls. 
The po^tve column was thus about 18 cm. long. 



PHYSICS 


579 

Accordiiig to Schottky’s theory, the potential gradient in 
the pMitive column is inversely proportional to the radius of 
the discharge tube and independent of the pressure, llius, 
when r is very large, the gradient should be very small, which 
means that a veiy small difference of potential is reiquired to 
maintain the positive column. Since, other things being equal, 
the current * in a discharge tube is inversely proportional to 
the square of the pressure p, experiments were carried out at 
various pressures and the voltage applied to the tube was 
plotted against ifp*. 

Except for very low currents, the curves thus obtained 
showed but a slight nadient. Since the applied voltage is the 
sum of the anode fall, the fall in the positive column and the 
cathode fall, conditions were chosen under which the anc^e 
fall remained practically constant whilst the cathode fall varied 
but little. The results then showed that in the case of argon 
over a range of pressure for 2*8 to 46*3 mm., and of neon up to 
28*8 mm., the applied potential was constant to about i per 
cent. Hence, the normal gradient in the positive column must 
be considered zero, i.e. the gases may be said to possess a kind 
of superconductivity, which reminds us of the Ramsauer 
effect. 

A very small gradient was found in the positive column in 
helium. This was possibly due to the pressure of impurities, 
and it is regarded as probable that helium behaves in the same 
way as argon and neon. In the case of hydrogen, a normal 
gradient 01 2'40 volts per cm. per mm. pressure was found, in 
good agreement with earlier results. 

The GyromagneHc Effect . — In a paper, entitled " Eine neue 
Methode zur Messung des Einstein-de Haas-Effektes " (Heh. 
Phys. Acta, V, p. 217, 1932), F. Coeterier and P. Scherrer dis- 
cuss the defects of the resonance method of measuring the 
gyromagnetic ratio, and they describe a new method which 
avoids the disturbing action of any horizontal component of 
the vertical magnetising coil upon any horizontal component 
of the magnetic moment of the vertical specimen in their 
experiments. 

As is well known, when a ferroma^etic rod changes its 
magnetic moment by an amount M it simultaneously receives 
angular momentum of amount U about the axis of magnetisa- 
tion, given by the equation U/M » ~ . 2m/«, where g is the 

Land^ splitting factor, and e and m are respectively the charge 
and mass of the electron. When the motion of the electron 
responsible for ferromagnetism is purely orbital, g — i, and 
for a spinnii^ electron, g — 2. 

To describe the new method of measuring U/M, we shall 
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first suppose that an iron rod or wire hangs vertically from the 
end of a quartz fibre, so that the iron is entirdy within a 
vertical solenoid. If the latter is supplied with alternating 
current of frequency zir/w, the m^pietic moment of the iron 
at any instant, U is given by M — Ma sin (w/), whikt it experi- 


ences a gyromagnetic couple - • — • v>. M, • cos («>•/). 

? * 

The effect of the disttu*bmg action outlined above is to 


produce an additional couple proportional to sin {w.t) acting 
upon the iron. Consequently, the oscillations of the suspended 
system will be sightly out of phase with the magnetisation, 
and its displacement will be given by an expression of the form 
a’sin ((a*< + 8), where a is a constant. Therefore, if 8 is made 
equal to zero, it is clear that the above disturbing action has 
been eliminated. This is done as follows. 


A small mirror is mounted on the iron so that a very narrow 
beam of light may be thrown on to a scale at whose mid-point 
there is a slit of the same width as that of the beam of light. 
Hence, when the specimen oscillates, a beam of light passes 
throi^h the slit every time the specimen passes through its 
equilibrium position. The emergent light activates a photo- 
electric cell and relay system which reverses a direct current 
in the solenoid, and thus reverses the magnetisation. 

Although the dbtmbance is now brought into phase with 
the vibration itself, it need not necessarily be completely 
eliminated. Elimination is only completely attained when 
there is no shift of zero when the magnetising field acts on the 
system. Consequently, the cause of the disturbance must be 
reduced as much as possible by other known means to prevent 
the shift of zero. When this is done, the damping may be 
|;reatly reduced and the resonance amplitude according^ 
mcreased. From the resonance amplitude the value of U 
can then be calculated. 


It is claimed that if the solenoid current is reversed with 


sufficient sharpness, the sources of error of previous methods are 
absent, and that the new method is easier to use. As a test 
of the method, a provisional measurement of g for iron has been 
made, and the value z-oi obtained. This is m excellent agree- 
ment with the value 2*00 obtained at Bristol, but it does not so 
well agree with the value i -89 obtained by Barnett in America. 
It is therefore to be hoped that the authors will soon be able 
to give us their final value for this constant. The writer 
of this article understands that recent work reported from 
India also supports the Bristol value. He is unable to 
accept Barnett k reasons for the discrepancy between the 
two values, and he looks forward to the publication of furtho* 
results. 
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StMmtKktUon and Sedimentary Rocks. — W. H. Twenhofel's Pre- 
sidential Address to the Geological Society of America on 
** Eniwnment in Sedimentation and Stratigraphy " {BhU. 
Geel. Soe. Amer., 48 , 1931, pp. <^7-24) emphasises the fact that 
sediments are responses to environmental conditions operating 
at the locus of deposition on characters inherited from piarent 
rocks and previous processes. A point of some importance 
which is frequently overlooked is the distinction between the 
influence of environmental factors on living organisms in rela- 
tion to deposition and that on the dead remains of organisms. 
After deatn organic matter becomes subject to the factors con- 
trolling inorganic sedimentation. Twenhofel draws the con- 
clusion that stratigraphical correlation on the basis of fossils 
alone *' is not entitled to a great deal of respect.*' 

In his paper on '* Die marinen Sedimente als Abbildung 
ihrer Umwelt und ihre Auswertung durch die regional-statis- 
tische Methode,*' O. Pratje (Fortsckr. d. Geot. u. Pdi., Bd. ii, 
Deecke Festschiift, 1932, pp. 220-44), on the basis of his recent 
oceanographical work, seela to evaluate certain factors in the 
deposition of marine sediments, such as the contributed 
materials, the distributing media, the relief of the sea floor, the 
compositional variations of sea water, and the influence of 
plants and animals. The characters thus acquired may serve 
to indicate the environment under which the sediments were 
laid down. 

A paper on " Subaqueous Slides,'* by A. Hadding {GeoL FSr. 
Fdrk., Stockholm, 68 , 1931, pp. ^77-93), deals with the occur- 
rence, causes, results, and stratigraphical significance of sedi- 
mentary material which owes its main features to slipping down 
the plane of deposition on a sloping sea or lake floor. Abnormal 
deformed strata, with edgewise conglomerates, beds with flow 
structures, and beds enclosing balb with spiral structure, are 
the results of this action. 


In a paper entitled ** Ueber die Schichtung und ihre Bedin- 
gungen,*’ R. Brinkmann {Fortsckr. d. Geol. u. PiU., Bd. 11, 
Deecke Festschrift, 1932, pp. 187-219) attempts a gen^c 
classification of stratification. He distinguishes two main 
classes : (1) Primary sedimentary stratification, and (2) 

posthumous or diagenetic stratification. The formor is divided 
mto ten subdasses as follows : primary, graded, rhythmic pre- 
dpitation, biogenic, current, tidal, climatic, volcanic, direct 
tectonic, and indirect tectonic bedding. Diagenetic stratifica- 
tion indudes induction bedding (inhomogeneity fvoduced in 
lower part of stratum by processes starting from upper surface), 
cUngenetic bedding (due to dehydration and compression), and 
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reaction bedding (in which diagenetic redeposition and pre> 
cipitation starts from primary stratification). 

In a paper on " Non-glacial Marine Varves,” W. H. Bradley 
{Amer. Joum. Set., XXII, 1931, pp. 31^30) states that the 
term " varve,” which has almost come to imply a gladal origin 
for rhythmically laminated sediments, was originmly proposed 
by G. de Geer as an international term for banded deposits 
showing an annual rhythm regardless of their origin. He has 
recently examined undo* the microscope several American 
Palaeozoic marine laminated siltstones, and suggests that 
couplets of their laminae, consisting of one dark and one light 
lamma, are probably marine analogues of non-gladal varves 
now forming in the sediments of certain fresh-water lakes. 

W. D. Mark has described what appear to be the fossil im- 
pressions of ice crystals in strand sediments of Upper Bonneville 
^e in Utah {Joum. Geol., XL, 1932, pp. 171-6). These mark- 
ings are entirely similar to those observed to form naturally on 
spaces of saturated loess. Fossil ice markings, if suifidently 
discriminated from other markings, may serve as a criterion for 
the identification of the tops of strata. 

The riUensteine of German geologists are limestones bearing 
a grooved or channelled pattern in which the individual grooves 
are not more than a millimetre broad. J. D. Laudenmlk and 
A. O. Woodford have studied this structure in American 
examples, and have performed experiments bearing on its 
origin {Amer. Joum. Set., XXIII, 1932, pp. 135-54). They 
have come to the conclusion that the grooving is almost cer- 
tainly produced by solution, the work of the infrequent rains 
of an arid region. 

L. Kolbl has investigated the grain size of fluviatile and 
TOlian sediments by elutriation methods, and finds that a dis- 
tinction between the two on the basis of grain-size distribution 
is possible only in fine sandy sediments {Min. u. Petr. Mitt. 
{N.F.), Bd. 41, 1931, pp. 129-44). 

The deep-water deposits of the Red Sea have been studied 
by Z. Sujkowski {Geol. Mag., LXIX, 1932, pp. 311-14). The 
influence of the surrounding deserts is reflected in these sedi- 
ments by the abundance of rock-forming minerals such as 
anmhiboles, pyroxenes, biotite, soda-lime and potash feldspars, 
and feldspathoids {sic), which are not common in orduuury 
detrital segments. The common heavy minerals, such as 
zircon, rutile, garnet, and tourmaline, are rare or absent, and 
quartz occurs in comparatively small amount. Rounded 
^ains are completely absent ; and the author deprecates the 
use of the occurrence of rounded grains in marine sediments as 
proof of desert shores. 

J. D. Laudermilk reports field and microscopical observa- 
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tions, and chemiad analyses, of the dark brown and black in- 
crustations of iron and manganese oxides, known as “ desert 
varnish,” from the Mojave desert of California {Anur. Joum. 
Set., XXI, 1931, pp. 51-66). The new data indicate that 
lichens are sometimes operative in producing desert varnish 
by the secretion of acid solutions. 

Starting from the investigation of two mat dust storms 
of the year 1928 in Poland and New Zealand respectively, 
K. Leuchs {Centr. /. Min., Abt. B., 1932, pp. 145-56) tries to 
evaluate the significance of this phenomenon in sedimentation. 
He thinks that a layer of red clay in the Main Norian Dolomite 
Series of the Alps may be attributed with some probability to 
dust-storm origin. 

From an exhaustive study of glauconite and glauconitic 
rocks in Sweden, A. Hadding {Lunds Univ. Arsskrift, N.F. 
Avd. 2 , Bd. 28, 1932, 175 pp.) goes on to a complete discussion 
of the origin and palseogeographical significance of that mineral. 
He summarises the matter in the statement that glauconite 
always indicates sub-littoral shallow marine conditions and 
a^tated waters. As a rule it is formed during periods of 
diminished sedimentation, and often during ” negative ” sedi- 
mentation, being most abundant immediately after such perio^. 
Hence glauconitic rocks are frequently found associated with 
intraformational conglomerates and with phosphorites. Glau- 
conite is never formed in an oxidising environment, nor under 
conditions which favour the existence of heat-requiring animals. 
Dr. Hadding also deals fully with the mineralogy and para- 
genesis of glauconite, and discusses the history of opinion 
concerning its origin. 

The record of algal limestone of Permo-Carboniferous age 
from Queensland by H. C. Richards and W. H. Bryan {Ge<d. 
Afag., LXIX, 1932, pp. 289-301) appears to be the first from 
that state, and in point of age from the Australian continent. 
A mass of limestone several miles in length and 1,100 feet thick 
is made up almost entirely of algal remains new to science, 
although having some resemblance to MitcheUeania from the 
British Carboniferous. 

In his work entitled " Beitrag zur Thema Dolomitenste- 
hung,” O. Bar {Centr. f. Min., Abt. A., 1932, pp. 46-62), from 
physico-chemical considerations, seeks to establish the view that 
dolomitic formations are sometimes due to primary precipita- 
tion of this mineral. 

F. H. Edmunds and R. J. Schaffer have written an excellent 
summary of the geology, petrology, and properties as buUding- 
stone of Portland stone \Proc. ^ol. Assoc., XLIIl, 193a, pp. 
325-140). 

In describing the agate and chert of Derbyshire, P. Jessop 
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(Proe. Geoi, Assoc., XLU, 1931, pp. S9-43) makes use of the 
terms ortho-, meta-, and para-chert respectively, to indicate 
th^ genetic types. Ortho-chert was formed from colloidal 
silica contemporaneously with the enclosing limestones ; meta- 
chert, the most common variety, is a rei)lacement of the lime- 
stones, the silica having probably been derived from the adjacent 
limestone ; para-chert is a late replacement due to silica solu- 
tions, and, unlike the meta-cherts, has no structural relation to 
the limestones. 

Writing of the “ Anhydrites and Associated Inclusions in 
the Permian Limestones of West Texas,” J. E. Adams {Joum. 
Gsol., XL, 1932, pp. 30-45) states that the non-clastic sediments 
of this formation consist of marine limestones, dolomites, and 
” evaporites ” (anhydrite, halite, etc.) in ascending order. The 
dolomite, which is largely an altered marine limestone, contains 
massive inclusions, ” phenocr5rsts," aggregates, vein and cavity 
fillings, and fossil replacements of anhydrite, of which all save 
the two last-named appear to be of primary ori^n. 

Pancakej^haped concretions composed mainly of man- 

S mese dioxide have been found in a small fresh-water lake in 
ova Scotia, and are described by E. M. Kindle {Arnsr. Joum. 
Set., XXIV, 1932, pp. 496-504). These are of great interest, 
as they are the only known examples of manganiferous con- 
cretions which are being developed in a lacustrine environment. 
It is attested that the reducing action of diatoms rather than 
bacteria on the manganese bicarbonate dissolved in the lake 
waters has produced the concretions. 

G. E. L. Carter has described an interesting occurrence of 
vanadiniferous nodules in the Permian beds of South Devon 
{Min. Mag., XXII, 1931, pp. 699-713). 

In his William Menelaus Memorial Lecture on ” The 
Geological History of Coal ” (Jf^oc. S. Wales Inst. Eng., XLVI, 
*93*1 PP*,9**“S*) Prof. G. Hickling has given a remarkably 
valuable little treatise on coal formation. He deals with the 
geological conditions necess^ for the deposition of coal, 
evidence of earth movement in Carboniferous times, characters 
of Coal Measure vegetation, vegetable constituents of coal, ash 
content of various coal types and its commercial 
and finally, the regional distribution of coal as evidence of pro- 
gressive alteration. Pressure and rise of temperature have been 
the main factors in the formation of anthracite, but these would 
not have become operative had not the coal been buried 
a substantial cover of later deposits. Hence the weight of 
cover is r^arded as the vital factor. 

Dr. C. S. Fox's memoir on ” The Natural History of Indian 
Coal ” {Mem. Gsol. Surv. India, LVII, 1931, 283 pp.) reaUy 
anmonts to a comprehensive treatise on the modes of occurrence, 



GEOLOGY 


585 

phvsical and chemical characters, and origin of coal in general, 
ahhough based on Indian examples. The memoir is illustrated 

a number of fine plates. 

In two rapers, Qassification and Development of Car- 
bonaceous Minerals ” {Proc. Roy. Soc. Edin., LI, 1931, pp. 54- 
6a), and " Graphical Qassification of Carbonaceous Minerals : 
The Place of the Constituents of Common Coal " (Ibid., LII, 
PP- 195'~9)> H. shows that if ultimate analyses 

of corns and carbonaceous minerals are reduced to terms of 
carbon, oxygen, and hydrogen only, and if carbon be then 
plotted against oxygen, a series of straight lines are obtained, 
one for each mineral species, including fusain, durain, vitrain, 
sub-cannel, cannei, oil-shale, and torbanite. These lines in- 
dicate the development of the several species from low rank 
(».«. low C, high O) to high rank (».«. high C, low O) mina*als, 
and show that the process of evolution brings each mineral to 
a final product whose composition can be expressed by a simple 
formula of the type Thus the end product of the 

torbanite group will be C«„Ht«, of fusain CimH*,, etc. 

The detailed study of Ordovician grits from Anglesey by 
E. keenly and P. G. H. Boswell has thrown light not onfy on 
Ordovician palaeogeography, but also on the tectonics of the 
older Tocks\Quart. Joum. Geol. Soc., LXXXVIII, 1932, pp. 
297-311). The Arenig grits of Berw were found to be excep- 
tionally rich in heavy minerals, especially garnet, sphene, and 
epidote. Their poor grading, variable texture, and angularity 
of grain point to the close proximity of the source of the sedi- 
ments. The acid gneisses of the Mona Complex are regarded 
as the main source, and it is thought that these gneisses must 
have overlain the basic gneisses, all but a narrow strip having 
been destroyed. 

The Ordovician sandstones of Arkansas, described by A. W. 
Giles (Joum. Geol., XL, 1932, pp. 97-118), have been altered 
since their formation by the deposition of silica forming crusts 
and crystal faces upon the original rounded and frosted grains. 
This secondary enlargement of the grains has conferred coW- 
ence upon the sandstones, diminished their porosity, and has 
thereby affected their capacity as reservoirs for oil or water. 

H. Udluft has attempted to discriminate between grey- 
wackes, sandstones, and quartzites, utilising Devonian ex- 
amples from German localities {Siia.-Ber. d. Preuss. Geoi. 
Landesanst., 6 , 1931, pp. 128-36. Also see Geol. CentreUbl., 67 , 
1933, pp. 84-6). He finds that the nature of the cementing 
materials affords the best criterion. 

The Triassic sandstones of Yorkshire and Durham have been 
investigated by F. Smithson (Proc. Geol. Assoc., XLII, 1931, 
pp. 135-56), who finds that the mineral composition afiiwds 
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evidmoe of transport under arid conditions from regions of add 
igneous rocks and metamorphic rocks, which may be identified 
with Caledonian and Armorican land masses. There is abun- 
dance of apatite in many of the sediments. 

One of the results of R. Weyl’s work entitled " Studien aur 
vergleichenden Sedimentpctrographie des norddeutschera Ter- 
tiSrmeere *’ (Crntr. /. Min., Ahi. B., 1932, pp. 157-63) is that 
the smallest additions to the heavy mineral content of the sedi- 
ments took place at or a little later than the principal periods of 
coal formation. 

J. D. Solomon's investigation of the heavy mineral assem- 
blages of the Great Chalky Boulder Clay of East Anglia {Geol. 
Mag., LXIX, 1932, pp. 314-20) shows that this deposit is 
characterised by great abundance of limonite, which dis- 
tinguishes it from the North Sea Drift. The limonite must 
have come from some deposit below the Chalk escarpment, 
probably the Carstones ; the abundant garnet, which is asso- 
dated with amphiboles, epidote, and andalusite, seems, how- 
ever, to have been derived from the Crag. Mr. Solomon thinks 
that, with the aid of a prospecting pan, it should be possible to 
^tinguish in the field between the deposits of the various 
glacial episodes in East Anglia. 

In a paper on “ Garnet-bearing Sands of the Northumber- 
land Coast,” L. Hawkes and J. A. Smythe {Geol. Mag., LXVIII, 
1931, pp. 345-61) contribute much new mineralogical and 
chemical data to the subject. The bulk of the sand is derived 
firom the waste of Carboniferous sediments, partly through the 
mediation of gladal drifts. The Whin Sill contributes but little 
to the finer sands in its ne^hbourhood, and that mostly in the 
form, not of mineral, but of rock grains. 

Metamorphism and Metamorphic Rocks. — An excellent short 
summary of the principles of metamorphism is given by PTof. 
P. Niggli in an artide for the second edition of a German dic- 
tionary of sdence {Handw 6 rterbuch der Naturwiss., M. VI, 
* 93 *. PP- 90*-* S). 

In a paper on ” The Prindples of Metamorphic Diflferen- 
tiation,” Prof. P. Eskola attempts to outline some general 
physico-chemical principles whereby to explain concentrations 
m metamorphic rocks which do not come under the head of 
metasomatism (C.R. Soc. Giol. de Finlande, No. 5, 1932, pp. 68- 
77). Metamorphic differentiation may take place by the growth 
of cr3nstals or aggregates of crystals (the concretion prindple), by 
the concentration of the least soluble substances (the prindple 
of enrichment in the most stable constituents), and the extrac- 
tion and re-deposition of the most soluble substances (the solu- 
tion {uindple). Eskola has apparently overlooked work by 
A. Harker and F. L. Stillwell on similar subjects. 
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An adequate sununary of P. Eskola’s masterly memoir on 
Conditions during the Earliest Geol<^cal Times as Indicated 
by the Archaean Rocks ’* {Ann. Acad. Set. Fmnicas, Ser. A, 
XXXVI, No. 4, 1932, 74 pp.) would require far more space than 
is availaUe. Eskola deals with the varved schists and carbon- 
bearing schists of the Finnish Archaean, the value of Archaean 
aurgillaceous sediments as indicators of conditions of deposition, 
the leptite problem and the crystallisation-differentiation theory 
applied to acid volcanic rocks, changes of composition in meta- 
morplusm and the principles of metamorphic differentiation, 
and magnesia metasomatism. The memoir closes with a dis- 
cussion of the beginnings of geological history as revealed in the 
rocks. Eskola concludes that many Archaean sediments were 
closely similar to certain Pleistocene sediments and that similar 
conditions of origin, i.e. weathering and deposition in temperate 
or cold climates, must be inferred. 

Hie Lewisian complex of the island of Coll has been described 
by E. B. Bailey, V. A. Eyles, and J. B. Simpson (in " The 
Cfeology of Ardnamurchan, North-west Mull, and Coll,” Mem. 
Geol. Surv. Scotland, 1930, Chapter II, pp. 4-27) as an inter- 
banded series of ortho- and para-gneisses. Metamorphosed 
calc-alkali igneous rocks of basic, intermediate, and add 
characters, with predominant hornblende-biotite-gneiss, are 
well represented, alon^ with quartzose granulites, biotite 
granulites, and magnesian marbles, which are derived from 
arkoses, impure sandstones, and impure dolomitic limestones 
respectively. Six new chemical anal3rses of these rocks are 
given. 

Prof. H. H. Read’s ” Geology of Central Sutherland ” {Mem. 
Geol. Surv. Scotland, Expl. of Shs. 108 and 109, 1931, 238 pp.) 
was unquestionably the outstanding memoir of 1931 in meta- 
morphic geology. The main rock-group of the region is the 
Moine Gneiss ^ries, which occurs in three metamorphic fades : 
(1) the normal granulitic facies in which the pelitic types are 
g^umetiferous and occasionally carry staurolite ; (2) the injec- 
tion fades, in which most of the rock types are gametiferous 
and the pelitic varieties sillimanite-beant^ ; and (3) the db- 
location fades, adjacent to the Moint Thrust. There are also 
large lenticular masses of rocks of Lewisian types. The most 
characteristic features of the area are injection-complexes in 
which granitic material has penetrated the country rocks in 
bewildering variety of structure, with the resultant formation 
of innumerable varieties of modified and mixed rods. The 
injection is considered to have taken place during or im- 
mediately after the impression of the gen<^ metamorphism of 
the Moine and assodated rocks, when high temperatures me- 
vailed over large areas and directed pressures were operative. 



S88 SCIENCE PROGRESS 

Under theM conditions the separation of a volatUe^rick fdiase 
and the injection of thin sheets and veins from an uneipoied 
granite mass were possible over enormous distances. 

While the greater part of H. G. Backlund’s memoir on " Das 
Alter des ‘ Metamorphen Komplexes ’ von Pranz Josef Fjord in 
Ost<<yrd^and *’ (Medd. om Grdnland, 87 * No. 4, 1933, 119 pp.) 
deals with the and stratigraphical relations of the meta- 
morphic rocks of East Greemand, there is also a valuable 
accoimt of injection metamorphism which is ascribed to the 
action of Caledonian granites. The metamorphic reoystallisa- 
tion of the sediments increases concomitantly with increasing 
frequency of granitic dikes, and the type of recrystallisation is 
that due to contact action under penumatol}rtic influence, with 
addition to the affected rocks of alkalis, magnesia and ferrous 
iron oxide, and boron (tourmaline). These observations have 
an important bearing on the disputed question of the age of the 
** metamorphic complexes.” 

J. D. H. Wiseman, however, in a paper entitled ” A Con- 
tribution to the Petrology of the Metamorphic Rocks of East 
Greenland ” (Quart. Joum. Geol. Soc., LXXXVIII, 193a, pp. 
313-49), states that two of the three fully described meta- 
morphic complexes from the same region are composed of 
orthogneisses, paragneisses, paraschists, orthosclusts, plagio- 
clase-amplubolites, and occasional igneous rocks, and the meta- 
morpMsm is therefore of the regional type. The metamorphism 
is believed by Wiseman to have no connection with assimilation 
of Mdiments by Caledonian granites, and there is some evidence 
of its pre-Cambrian age. An ” Eastern Metamorphic Com- 
plex, however, does consist mainly of rocks showing an inti- 
mate interpenetration of granite magma into biotite-schist, but 
the age of this complex is doubtful. A point of contact may 
ptfhaps here be established between the conflict ing Scandina- 
vian and British views on the age of the metamorphism. 

Prof. H. H. Read discusses the origin of corundum-spinel 
xenoliths which are enclosed in the gaWo of Haddo House, 
Al^deenslme (^0/. Mag., LXVIII, 1931, pp. 446-53). They 
belong to the sihca-poor members of the argiUaceous-calcareous 

” xenoliths have been 
described from other localities, but are of distinctly HTni*i ><4 
occurrence. They have ^en regarded as due to the meta> 
morphism of boles or latentic rocks, but the general association 
of emery xenoliths with hontes leads Prof. Read to ascribe both 
ro^ tjqies to mutiul reactive transfer between basaltic magma 
and aluminous sediments, the reaction being arrested before its 
final st^e is reached. 

On the (rther 1^, J. L. Gillson and J. E. A. Kania, in their 
paper on Genesis of the Emery Deposits near PoekskUi, New 
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Ywk ” (Earn. GeoL, XXV, 1930, pp. 506-37), dispute the co«i> 
elusions of Bowen (and Read) in regard to the origin of emery 
rocks. The PeeksloU occurrences were formed from an argilia* 
ceous schist in contact with norite. The norite is modified only 
at its margins, and much of the emery is found so far within the 
adjacent counti^ rock that it could not have been formed by 
magmatic reaction. The authors conclude that the emery is m 
contact>metamorphic origin, produced by fluid emanations 
from the magma reservoir whicn passed up throi^h the already 
solid border of the igneous mass, and into the schists, depositing 
the OTe minerals in both endo- and exo-morphic contact zones. 

A. G. MacGregor has compared the pyroxene-granulite 
homfelses produced by contact metamorphism of basic igneous 
rocks around the Kainozoic igneous centres of Western Scotland 
{Gtol. Mag., LXVIII, 1931, pp. 506-21) with the beerbachites 
and gabbro-porphyrites of the Odenwald which, before the recent 
work of Klemm, were regarded as gabbro>aplite and pegmatite 
dikes. Klemm has now shown that these Odenwald types 
represent homfeised inclusions in the Frankenstein g^bbro, 
but he regards the original material as of sedimentary orimn. 
The chemical, minersdogical, and textural evidence which 
MacGregor brings forward shows conclusively that the Oden* 
wald granulites were due to the thermal metamorphism of basic 
igneous rocks. 

Contact-metamorphism in south-eastern Dartmoor, accord- 
ing to A. A. Fitch {Quart. Joum. Geol. Soc., LXXXVIII, 1933, 
pp. 576-609), has affected a varied series of rocks, induding 
Culm slates and sandstones. Carboniferous dolerite, Devonian 
slates, limestones, and igneous rocks of the spilitic series. 
These rocks have been acted upon by two distinct metamorphic 
agendes : first, dynamic metamorphism due to Armorican earth 
movements, and second, contact metamorphism due to the 
intrusion of the Dartmoor finite. The latter can be sub- 
divided into true thermal effects and chemical efid:ts due to 
emanations from the granite. Under these drcumstances an 
extraordinarily varied suite of metamorphic roc^ has been 
produced, amongst the most interestii^ of which are skams 
formed from limestones which dosely resemble the typit^ 
Scandinavian occurrences. 

]fo. G. D. Osborne has described the metamorphic limestohes 
and assodated contaminated igneous rocks of the Carlingfo^ 
District, co. Louth (Gwf. Ma^., LXIX, 1933, pp. 209-33) in con- 
siderable detail, in addition to such t^p« as forsterite- 
brudte-si»nel marbles, pure marbles, and calc-magnesian- 
sUkate rocks due to ordinary thermal metamorphism, tWe met 
some vei^ interesting rocks which have been affected by pneu- 
netolytk action, especially custerite-montioelUte rocks, and 
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andradite-wollastonite-hedenbei^te skarns. P^matites con* 
tainiog the three last>iiamed minerak are regarded as due to the 
reaction of pegmatite magma with adiacent skams. 

Dr. Osborne has also dealt with tne contact metamorphism 
produced by a quartz-monzonite intrusion upon Silurian lime- 
stone in New South Wales {Geol. Mag., LXVIII, 1931, pp. 289- 
314). The rocks are divided broadly into marbles, hornfelses, 
skams, and hybrid diopside rocks. The first two groups are 
interpreted as being due to the recrystallisation of limestone 
containing impurities which have reacted with the lime of the 
sediments to give lime-silicates and certain other minerals. 
The skams are shown to be due to metasomatic replacement of 
recrystallised limestone by magmatic solutions rich in iron and 
silica. The hybrid rocks are explained as developing from 
limited marginal assimilation of limestone by the magma. 

Dr. W. Q. Kennedy has described in great detail the mon- 
zonitic igneous complex of Traversella (Piedmont, Italy), and 
the pyrometasomatism to which it has given rise in the adjacent 
carlwnate rocks {Bull. Suisse Min. Petr., XI, 1931, pp. 7^139). 
A zone of calc-silicate rocks invariably intervenes between the 
igneous mass and the limestones. These are classified as kata- 
contact rocks (high temperature) with diopside, garnet, and 
olivine ; meso-contact rocks (intermediate temperature) with 
tremolite and hornblende ; and epi-contact rocks (low tempera- 
tiu«) composed of hydrous silicates such as talc, chlorite, and 
serpentine, associated with carbonates. These rocks have been 
formed by magmatic solutions cai^ng chiefly silica and ferric 
iron oxide, which have reacted with the lime and magnesia of 
the country rocks. 

The monzonite intrusions of the Stockton and Fairfield 
Quadrangles (Utah) have produced notable contact meta- 
morphism in the neighbounng rocks (J. Gilluly, U.S. Geol. 
Surv., Prof. Paper iji, 1932, 171 pp.). Marmoiisation and 
dolomitisanon of limestones, and propylitisation of igneous 
rocks have occurred on a small scale. Silicification, with the 
production of jasperoid, is widespread, and a large amount of 
contact silicates such as wollastonite, epidote, garnet, and 
adularia have been formed. Sulphides have accompanied the 
jasperoid and silicate phase of metamorphism, and the ore 
deposits of the region (gold, gold-mercury, silver, silver-lead, 
zinc^ and copper) are due to this phase. 

BOVAinr. By Prof. £. J. Sausbvky, D.Sc.. F.L.S., Univondty CoUefe. 

X/mdon. 

Ecology . — ^An interesting account of flower production in the 
Lemnaceee b given by L. £. Hicks in the Ohio Journal ofSeimee 
(pp. 1 1 5-a8, 1932), in which the existing data are collected and 
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the results of experiments with varying external conditions are 
described. Treatment with ultra-viom light induced flower- 
formation in Lemna minor, L. Iristdea, L. minima, L. e^ehskua, 
and also Wol^ Columbiana. Growth of plants on various con- 
centrations of nutrient solutions did not induce flower formation, 
and negative results were also obtained when the plants were 
starved. Qianging the length of the period of illununation and 
the intensity of light had no effect apart from stimulation of 
vegetative activity, whilst the addition of a large variety of 
chemical substances had no effect in stimulating flower produc- 
tion with the sole exception of sodium hydroxide. The author 
concludes that the conditions necessary for flower production 
are well-nourished plants with good food reserves subjected to 
a sudden check to v^etative activity and adequate illumina- 
tion. 

The occurrence of Rhododendron maximum in New Jersey is 
discussed by E. L. Spencer {Bull. Torrey Bot. Club, pp. 410-14, 
1932). It occurs in thirty-six stations in soils that range in 
acidity from pH 5-2 to pH 2*9 near the surface, and from 
pH 4*8 to pH 2*9 at a depth of from six to twelve inches. Low 
light intensity and high humidity associated with shelter appe^ 
to be important factors combining with the soil reaction in 
determining the distribution. 

Recent investigations by Ligon and Pierre {Soil Science, 
vol. XXXIV, pp. 307-17, 1932) indicate that alumina may be 
toxic in very low concentrations. Using Zea, Sorghum, and 
Hordeum as experimental material in water cultures, a depres- 
sion of growth was exhibited when only one part of alumina in 
a million was present. This depression, as measured by weight, 
amounted to 25 per cent, in the case of maize, 16 per cent, in 
the case of sorghum, and 60 per cent, in the case of barl^. 
Cultmes with the same hydrogen-ion concentration, but in- 
creasing amounts of alumina, exhibited increasing depression of 
growth. All three species showed a lower 3rield at pH 4*5 than 
at pH 6, but it is noteworthy that the depression due to this 
increase of acidity was least marked for barley, although this 
is most sensitive to increase of alumina. The maize, on the 
other hand, which is most affected by the increase of acidity is 
far less affected by increase of alumina, which, even at con- 
centrations of ten parts per million, gave a maize yield of 45 
pw cent., whereas barley, at the same concentration, only 
yielded 1 5 per cent. 

The almost pure stands of Pinus palustris, covering about 
half the coastal plain from Texas to Vu-ginia, are held by H. H. 
Chwman to be conditioned and maintained by the frequency 
of mes {Ecology, vol. XIII, pp. 328-34, 1932). This species 
is completely adapted to resist fire, owing mainly to its deep 
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tap-root oontaiamg lai^ food reserves, its thick berk, and the 
protection of the terminal bud by the uppermost »een leaves. 
It offers a marked contrast in tins respect to the other southern 
{unes and the oaks of the same area. Complete potection of 
experimental areas from fire shows that suppression of Pinus 
pautsiris occurs in about fifteen years as the result of the growth 
of competitors, so that the frequent fires are a necessary condi- 
tion for the maintenance of these stands of long-leaved pine. 
Furthermore, the fires have the effect of reducing the attacks of 
a fungal parasite, vis. Seploria acicola. 

From a paper by A. Melderis {Acta. Horti. Bot. Univ. 
Laiviensis, pp. 123-58, 1932), it appears that the seed develop- 
ment of Erytkrcsa depends upon illumination, and that the 
later in the season that pollination occurs the longer is the 
period which elapses before the seed is ripe. The period varies 
from thirty days (pollination in August) to sixty days (pollina- 
tion in September). Erytkrcea centaureum was found to present 
races with both round and oval pollen, but that of E. pulchella, 
E, vulgaris, and E. maritimum was uniformly oval. 

Investigations by B. S. Meyer on Pinus rigida give no sup- 
port to the view that increased hardiness to low temperatures 
IS associated with increase in the amount of bound water. The 
leaves of this species are not frost-resistant in summer, but 
raising the temperature in winter did not cause a loss of frost- 
resistance as Winkler found in the evergreens he studied {Bot. 

Gas-, pp. 397 - 3 ^ 1 , 1932). 

A new species of Microspora, under the name M. Ficulints, is 
described by P. Dangeard, which occurs as a symbiont in the 
cortex of the maritime sponge Ficulina ficus, and is unique in 
the genus Microspora in respect to its marine character {BtM. 
Soc. Bot. Fr., p. 419, 1933). 

From a study by R. Harries on the factors influencing the 
development of the gametophytes and young sporophytes of 
Laminaria it appears that increase of iodine in the form of 
potassium iodide accelerates both growth and reixoduction, 
whilst pmodic additions of phosphates and nitrates are essen- 
tial. Light of short wavelength seems also necessary fw 
reproduction {Ann. Bot., pp. 893-928, 1932). 

Cytology . — Reproduction in various Swedish and Swiss 
strains of Poa alpina has been studied by Muntzing, and no less 
than thirteen different chromosome numbers were found. 
Some of the plants reproduce sexually, others produce seeds 
apomictically. The apomictic individuals are characterised by 
tne higher and less variable chromosome numbers. The range 
tflMerved in the two t^pes vras from twenty-two to thirty-eight 
chroxposomes. A striking feature was the appuently good 
pdUen of the apomictic individuals mid the hi^er percentage 
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germination of the seeds which they yielded as compared with 
the sexuaUy produced seeds, an increased germination amount- 
ing to nearly 40 per cent, ^th apomictic and sexual types are 
also recorded for Poa praUnais, in which the diploid numbers 
also show a range from sixty-four to eighty-five. Poa ntmor- 
aiis, which has been recorded as having diploid diromosoroe 
numbers of twenty-eight and forty-two, was found with fifty-aix 
chromosomes {Haraditas. B., vol. XVII, pp. 131-54, i933)« 

Stebbins (^/. Gae., p. 322, 1932) describes the c3rtolo^ of 
the parthenogenetic species of Antannaria, in which he mids 
chromosome numbers of from forty-two to eighty-four, as com- 
pared with a diploid number of twenty-eight in the spedes 
producing seed normally. These results, and those of Muntsing 
quoted above, confirm the usually higher number of chromo- 
somes in parthenogenetic species generally. Q>mpared with 
the sexual species of Antannaria, the parthenogenetic species 
have fewer antipodal cells (eight to ten), which suggests that 
multiple antipodals, in this group at least, are of secondai^ 
origin. It is of interest also to note that the parthenogenetic 
species bloom about three weeks later than the normal 
species. 

Anatomy . — ^An investigation by M. E. Odell (Ann. Bot., 
pp. 941-63, 1932) of the epidermal characters of an^ospermous 
leaves indicates that these are unsafe criteria for purposes of 
identification even when combined with data as to leaf form. 
Celk of similar shape are met with in quite diverse families, 
whilst different shapes may occur within the same genus, or 
even in different leaves of the same species. The characters of 
the stomata were also found to be too subject to variation to 
serve as reliable indices of taxonomic afimity, and the authoress 
concludes that the structure of the epidermis cannot be safely 
utilised in the identification of fossil angiosperm remains. 

An endodermis histologically the same as that of the typkal 
angiosperm root is described by G. Trapp as present in the 
leaves of LUoralla iacustris and the leaves of eight sMcies of 
Plantago. In the first named, in Plantago coronopus, P. major, 
and P. lancaokda, the endodermis is of the priinary type, 
whereas in Plantago maritima and the other species exanuned 
the endodermal cells possess a suberin lamella in addition to the 
casparian strips. The endodermal differentiation was found to 
be most evident towards the base of the leaf and decreasing 
upwards. The presence of this endodermis in the leaves is 
rqmrded as having no functional significance (Tram. Roy. Soc. 
tSUn., pp. *933)- 

The anatomy of the carpek of a jpeloric flower of DigUaAia 
pmpwaa has b^n invest^;ated by Imrs. Arbor, who finds that 
thanr structure aSatda striking evidence in support of the inter- 
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pgretation of the carpel as a leaflike organ bearii^ maisu^l 
ovules {Atm. Bot., pp. 929-39, 1932). 

Morphology. — ^P. H. Mehra, describing peculiarities of the 
gametophyte of Adiantum capillus-^oneris (Currmt Scienco, 
p. 169, Dumber 193a), records the abnormal presence of an 
archegonitun on the upper surface of the prothmlus, and of an 
instance of three free nuclei, in place of the usual two, in the 
neck canal. A few instances of embedded antheridia were also 
observed. 

riiAirT nmOLOOT. By prof. Walter Stiles, Sc.D., F.R.S. 

The Univenity, Birmingham. 

Germination and Dormancy of Seeds. — Investigations dealing 
with the dormancy of the seeds of two spiecies of Compositae 
have been described by W. E. Davis. In his first paper 
(“ Primary Dormancy, After-ripening, and the Development of 
Mcondary Dormancy in Embryos of Ambrosia irifida,” Amer. 
Joum. Bot., 17 , 58-76, 1930), he points out that fruits of 
Ambrosia trifida at maturity fail to germinate after removal of 
the seeds from their enclosing envelopes, composed of a thick 
walled involucre and the pericarp. The dormancy varies not 
only with the crop and the individual, but also in different parts 
of the same embryo, being more pronounced in the hypocotyl 
than in the cotyledons and plumule, which frequently develop 
while the hypocotyl remains dormant. 

The seed is of the type that requires a period of after- 
ripening for germination to be possible. This after-ripening 
takn place slowly in ordinary dry storage, but is much more 
rapid if the seeds are kept on a wet medium such as moist cotton 
wool at 5® to 10® C. Below a minimum water-content of the 
seeds after-ripening will not take place at all, as in the case of 
fruits stored over sulphuric acid. But there is also a close 
relationship between water-content of the embryo and tem- 
perature, for, whweas at low tempieratures after-ripening is most 
rapid in sm^ with high water-content, at high temperatures 
after-ripening does not take place at all in fully saturated seeds. 
It appears that the after-ripening process requires a low re- 
spiratory intensity. During after-ripening there is a sli^t 
increase in acidity and a condderable rise in catalase activity. 
The germination of after-ripened seeds within intact fruits is 
often prevented if the temperature is too high. This appears 
to be traceable to the ox]^en supply being insufficient tor the 
normal respiratory ai^yity at the high temperature. Ex- 
posure to such a condition does not kill the seeds, but these 
revert to a dormant state ; they exhibit, that is, secondary 
dormancy. The after-ripening of seeds of Ambrosia trifida thus 
seems to be associated with a low rate of respiration, while 
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secondary donnancy is brought about by restricted respiration 
at hi^h temperatures caused by low permeability of the seed 
covenngs to oxygen. 

In a second paper (“ The Development of Dormancy in 
Seeds of Cocklebur {Xanthium)," Amer. Journ. Bot., 17 , 77-87, 
1930) the same author deals with the production of dormani^ 
in an allied species. Here the mature seeds, divested of their 
coverings, show no dormancy, but this can be induced by 
limiting the exchange of gases between the seeds and the 
atmosphere by coating the intact seeds with clay or agar-agar. 
After the seeds have been rendered dormant in this ww, 
storage in a moist atmosphere at a low temperature (e.g. 5° C.) 
led to the removal of the dormant condition. During the period 
of storage the catalase activity rose, and so did the respiratory 
activity of the seed. The seeds thus exhibit in many respects 
a behaviour similar to that shown by Ambrosia trifida. 

Lela V. Barton has carried out experiments on the accelera- 
tion of germination of the seeds of a large number of coniferous 
species (" Hastening the Germination of some Coniferous 
l^ds,” Amer. Joum. Bot., 17 , 88-115, 1930). The seeds were 
stratified by mixing them with moist acid peat, and they were 
then placed to germinate at o®, 5®, and 10® C., and in some ca^ 
at higher temperatures. In some cases weekly alternating 
temperatures of — 5® and 5®C. and 5® and 10® C. were used, 
^mples were taken from these seeds at intervals and planted 
in pans containing equal amounts of sand, peat, and wood soil, 
and kept in a greenhouse. Generally low-temperature strati- 
fication was found to have a favourable effect on the germina- 
tion of coniferous seeds. Thus the germination of seeds of 
Pinus austriaca, P. Banksiana, P. Laricio, and P. pondtrosa 
was greatly speeded up after stratification for two months at 
5° C., while a large number of other species showed more rapid 
germination as a result of this treatment. Pinus Lambertiana, 
however, gave the best results after stratification for three 
months at 10® C. The alternation of the weekly temperature 
between — 5® and 5® C. had no accelerating effect on germina- 
tion of the seeds of a number of Pinus species, including P. 
txcelsa and P. Sirobus. 

An examination of the cause of dormancy of the seeds of 
MtlUotus alba has been made by D. H. Hamfy (" Softening of 
the ^ds of Melilotus alba,” Bot. Gae., OS, 345-7S, 193a). 
This is a ” hard ” seed, in which dormancy is related to the 
impermeability of the seed coat, since without the removal of 
this, or until it is rendered permeable, the seed is unable to 
germinate. Hamly has found that the impermeability is due 
to submn which is present in the form of caps to the cells of a 
lasrtir in the seed coat. Separation of these caps from one 
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aaother, so that they no longer form a omtinaous lajrer, en- 
ables the cells within the layer beeping the caps to absorb water 
and thus effects so-called '* softening ’* of the seeds. 

W. J. Robbins and K. F. Petsch have examined the effect 
of water-content of seeds in relation to the loss of viability by 
exposure to high temperature (“Moistiue Content and High 
Temperature in Relation to the Germination of Com and Wheat 
Grirains," Bot. Gag., 98 , 85-93, 1933). Seeds with different 
water-content were obtained by (hying the seeds over con- 
centrated sulphuric add, or by soald^ them in water at 
laboratory temperature (about 3i®C.). The seeds were then 
eiq>osed to various temp^atures for different lengths of tune 
and then transferred to conditions suitable for germination. 
fVom the data so obtained the temperatures required to kill 
75 pw cent, of the grains at different water-c»ntent were 
found. It was established that with increasing water-content, 
both of the whole grain or of the embryo only, this tempoature 
becomes lower. The temperature is, however, lower when the 
moisture-content of the whole grain is considered than when the 
moisture-content of the embryo only is taken into account. 
Thus, with Reid’s Yellow Dent maize the lethal temperature is 
48* when the water-content of the whole grain is 40 per cent., 
but 58° when the water-content of the embryo alone is 40 per 
cent. The authors therefore state that any attempt at solving 
the problem of the relationship between water-content (ff 
protoplasm and death temperature must take account of the 
water-content of the non-living portion of plant material. 
Since, hoivever, no data are presented with r^^d to the 
relative amounts of living and non-living material in the endo- 
sperm, the application of the results given is not dear. 

A short but interesting paper by H. Kummer deals with 
the significance of fats and fatty ad(ls in light-sensitive seeds ; 
that IS, seeds which germinate with difficulty in the dark. 
(“ Fett und Fettsauregehalt bei Gramineensamen in Beziehung 
zur LichtbedUrftigkeit bei der Keimung,” Bgr. dtui. bot. Go*., 
80 , 300-3, 1933.) A number of grass seeds were examined 
and fomul to possess a high content of fat, varying, in fact, 
from 4 to 36 per cent. Many of these were found to possess a 
relatively high percentage of fatty add, but this varied not only 
with the spedes but also with the variety. Those possessing a 
high prop^on of add germinated readily in the dark, whereas 
the germination of those with a low acid-content was retarded 
in the dark. Among seeds of the former type are 
fiavoKtng, Ahpecufus pratensis, Holcus Umahu, and Aim 
fimuosa, while to the latter type belong Kookria crfstato. 
AfUkoxa$ttkum odoratum, Dacfylis glonurat^ Poa tnviaHs, and 
P, pmtnuis. It may also be significant that other lig^-sanii- 
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tive seeds containing fat, such as those of Nicotiana teAuemt, 
Lytkmm salicaria, and Epilobium roseum, are also characterised 
by a low content of fatty add. 

A study on the chemical changes taking place during gov 
mination of Soya bean seeds has been made b^ F. W. Van Olden 

A Microchemical Study of Soy Beans during Germination,*’ 
Amer. Joum. Bot., 18 , 30-49, 1931). The data presented were 
derived only from microchemical tests, but even so, provided 
interesting information on a subject about which more know- 
ledge is very desirable. At the outset the cotyledons contain 
large amounts of protein, fat, and a non-reducing sugar, as well 
as a little starch. On germination redudng sugar niakes its 
appearance, the amount of starch in the cotyledons increase 
for the first five days, remains approximately comtant in 
amount for another four days, and then decreases rapidly. In 
the meantime, after accumulating in particular in the upper 
part of the hypocotyl during the first three days, it has ms- 
appeared from the root, next from the hypocotyl, and then from 
the epicotyl. The disappearance of the reducing sugar follows 
about two days after the disappearance of the starch from the 
respective parts of the seedling. Non-reducing sugar also dis- 
ap^ars and could not be detected in hypocotyl, plumule, and 
cotyledons three, four, and seven days respectively from the 
commencement of germination. 

The fat in the cotyledon begins to disappear at the base, and 
the disappearance progresses to the apex, the palisade losing its 
fat more slowly than the rest of the cells. 

Asparagine, although not found in cotyledons, plumule, or 
radicle, appears in the hypocotyl on the third day from the 
commencement of germination and continues to increase. At 
the same time there appears to be a gradual conversion of 
organically bound phosphorus and magnesium to inorganically 
bound. Although both appear in quantity at the growing 
points, they also increase in amount in the cotyledons. The 
potassium appears to move rapidly from the cotyledons. In 
the meristem of the root tip it was not possible to detect starch, 
reducing sugar, fat, asparagine, or inorganically boimd phos- 
phorus. 

The last paper to be mentioned here is by H. T. Darlington 
(" The Fifty-year Period for Dr. Beal’s Seed Viability Ex- 
periment,” Amer. Joum. Bot., 18 , 262-5, *93*)» and deals with 
the germination of seeds buried in a bottle about fifty years 
previously (in 1879). The bottle constituted one of a set of 
twenty buried by W. J[. Beal at the same time, eight having 
been dug up and the viability of the enclosed seeds examined 
kt five-yearly intervals until 1920, the date of the last test 
previous to that now described. Beal’s first list contained 

39 
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twenty herbaceous spedes and two trees. The seeds of the two 
trees {Qiurcus rubra and Thuja occuUnialis) did not germinate 
at the end of the first five-year period in 1884 ; but in the 
twenty-fifth year seeds of deven of the twenty herbaceous 
species germinated. At the end of thirty years seeds of eight 
or nine species were still viable, and at the end of forty ^rears 
about the same number of species were found to {assess viable 
seeds, although the two lists of species are not quite the same. 
Thus Ambrosia elatior germinated in 1920 for the first time in 
the course of the experiment, while Bursa Bursa-pastoris no 
longer did so, whereas it had in all previous trials except one in 
1889. In the latest trial in 1930 germination of seeds of only 
five species was observed, these species being Brassica nigra, 
CEnothera biennis, Polygonatum hydropiper, Rumex crispus, and 
Verbascum Blattaria, For the first time in the history of the 
experiment seeds of Lepidium virginicum failed to germinate, 
nor did any seedlings appear of Amarathus retro flexus, which 
had only failed to produce seedlings on one previous occasion. 
There are still eleven of Beal’s bottles left buried, so that if 
tests are made every ten years, this examination of the longevity 
of seeds can be continued till the year 2040, when the seeds 
tested will be 160 years old. 

AgBl OVLT P a Ali 7ST8IOLOOT. By Arthur Waltoh, Pb.D., School 
of Agriculture, Cambridge. 

Artificial Insemination. — ^Artificial insemination is the term 
appUed to the instrumental deposition of semen within the 
female genital tract. It was first used by Spallanzani in 1780 
to demonstrate that the semen of the male was itself sufficient 
to invoke the development of the foetus. Subsequently it has 
been used both in veterinary and human practice to cure cer- 
tain forms of sterility. Its use in this country has been confined 
almost entirely to the mare. In 1907 Ivanon published a series 
of important experiments in which he demonstrated that arti- 
ficial insemination of the mare could 3deld as high a percentage 
of offsprii^ as normal matings, that the semen could be kept 
for a short time at room temperature without losing its potency 
and that several mares could be inseminated with the semen 
obtained from a single ejaculation. He extended his experi- 
ments on a smaller scale to cattle and sheep. The experiments 
were sufficiently promising to suggest that artificial insemina- 
tion might have important practical applications in extending 
the nseflilness of valuable sires by the transport of semen to a 
distance and the insemination of a larger number of females 
than could be impregnated normally. It was not until after 
the War and Revolution that experimentation on an adequate 
8cale to test these possibilities was undertaken. Soviet Rusrin 
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was faced with the fundamental reconstruction of a depleted 
live stock. Government control and collectivised farmii^ made 
large*scale experimentation possible. In the Breeding Centres 
established by the Government artificial insemination was first 
used as a prophylactic measure against dourine, a contagious 
venereal disease of horses. Mares were impregnated without 
actual contact with the stud stallions, which were thus kept free 
from infection (Ivanoff, Joum. Agric. Sci., 1922). 

In the meantime a laboratory for research on artificial 
insemination was established, and has now published a co- 
operative work with a very full discussion of the whole subject 
from a scientific standpoint and describing the results of many 
important experiments. (Kusnezova, Milovanov, Nagaev, 
Neuman, and Skatkin, Artificial Insemination of Cattle, 
Institute of Animal Breeding, Lenin Agricultural Academy, 
1932. A translation of the more important parts of this work will 
be published shortly by the Imperial Bureau of Animal Genetics, 
Edinburgh.) Methods for the collection of the semen and its 
injection into the female have been greatly improved, and 
artificial media for the dilution and preservation of the sper- 
matozoa have been devised. A review of all the results obtained 
is beyond the scope of this report, but some idea of the magni- 
tude of the experimentation can be gathered from the following 
figures : In 1928 at one centre 3,972 ewes were inseminated, 
and produced 62-3 per cent, of lambs as against 87-5 per cent. 
fix>m normal matings. Poor results in some cases were attribut- 
able to inexperience and faulty technique. In the following 
year 1,078 ewes were inseminated, and the percentage rose to 
727 as against 76‘6 normal. Experiments with cattle were 
carried out on a similar scale. In one season at fifteen breeding 
centres, 14,404 cows were inseminated. The calving returns 
are not given, but the percentage pregnancies based upon the 
cessation of oestrus is given as 837. In some cases more than 
1,000 calves were obtained from one bull, and the writers con- 
clude that “ at the present moment there is no technical 
obstacle to prevent 1,200-1,500 calves being sired by a single 
bull during a 60-day breeding season ; the only obstacles 
which exist are in the matter of organisation." Thus the 
biological problem of extending the usefulness of the proved 
sire has apparently been solved in Russia. In this country, 
owing to the small size of the farms and the lack of centralised 
control, the organisation of breeding on similar lines might be 
difficult. There are, however, instances where the impregna- 
tion of a much larger number of ewes on one farm by a six^Ie 
male mig^t be advantageous and could now be carried out 
without much difficulty. For further extension of artificial 
insemination to cattle and horses on farms and small holdings in 
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this country, means of transport and preservation vnll be essen* 
tiai. Methods devised by Hammond and Walton (/oMfM. Ex^. 
Biol,, 7 , 1930) jaroved successful in the {ucservation of rabbit 
spermatozoa for upwards of seven days. By adopting; similar 
methods the Russian workers have obtained fertility after 
storage of bull semen for forty-eight hours. This is but a 
beginning, but the day may not be far distant when semen from 
the best sires will be distributed over a wide area, and a very 
great economy affected by reducing the number of males of 
poor quality. 

Foundations of Cattle Breeding . — Several scientific 
papers have been published within the last few years by Prof. 
Duerst, but the recent appearance of an important volume, 
Grundlagen der Rindereucht (Berlin, 1931), provides an oppor- 
tune moment to review his work. The book treats of cattle 
toeedii^ mainly from the anatomical and physiological aspects. 
With carefully devised biometric methods a serious effort is 
made to place what are commonly called “ fancy points ” on a 
quantitative basis and to correlate them with phsrsiological 
functions. The main thesis of the book is the differentiation 
of two principal types, the “ respiratory” type ( Atmungstyp) 
and the ” digestive ” type (Verdauungstyp). The former is 
characterised by a relatively greater development of the thorax. 
It is therefore more adaptable to high altitudes or hot climates, 
where the oxygen pressure is below normal. The ” respiratory ” 
type is relatively catabolic and capable of producing a greater 
metabolic output, as, for instance, a high yield of milk or a 
high output of energy in the form of work (draught oxen). 
The ” digestive ” type, on the other hand, is relatively anabolic 
and adapted to the storage of body materials. It is the typical 
” beef ” animal of the maritime countries. Prof. Duerst also 
correlates thyroid activity with production. The ” respira- 
tory ” type tends to be hyper- and the ” digestive ” type h3rpo- 
thyroid. Cattle of the Channel Islands show an interesting 
combination of respiratory type with hypo-thyroidism, which 
finds its expression in a high fat content in the milk. A short 
review can hardly do justice to the large amount of evidence 
whi^ is brought to bear out the main conclusions. As in many 
statistical studies there is often some doubt as to the biological 
validity of the argument and the statistical significance of the 
correlations, even a high correlation may be spurious when the 
material is genetically diverse. Although during recent times 
genetical aspects of breeding have perhaps tendea to swamp the 
anatomical and physiological, it is a pity that in this book the 
reverse process has taken place, and genetical theory is hardly 
mentioned even in the discussion of coat colour or hereditary 
malformations. 
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Effect of Light OH StasoHoi S$xual Activity . — Seasonal varia* 
tion m sexud activity is a phenomenon which has interested 
scientists from classic times and is of very great importance in 
agriculture. For example, seasonal variation in the number of 
eggs laid by poultry, or in the milk yield of cows, occasions an 
instability of price detrimental alike to producer and consumer. 
Temperature and nutrition have been regarded as the principal 
agents concerned in determining seasonal variation, but recent 
work suggests that light may be one of the most important 
factors. This might have been suspected from experiments on 
poultry, since it has long been known that artificial illumination 
mcreases egg production of hens during the winter months and 
reduces seasonal variation. The effect has, however, been 
attributed to the greater uptake of food which accompanies the 
increased egg production. This explanation was also offered 
by Rowan {Proc. Boston Soc. Nat. Hist., 89 , 1929) to account 
for sexual precocity artificially induced by artificial light on 
JuHCUs hyemalis. Bissonnette, however, in a series of papers 
\Anur. J. Anat., 46 , 1930 ; J. Exp. Zool., 58 , 1931 ; Phys. Zool., 
4 , 1931, 5 , 1932) has conclusively shown that the direct 
stimulus of light is primarily concerned. Sub-sequently Bisson- 
nette (Pfoc. Roy. Soc., B., 110, 1932) and Baker (Proc. Roy. 
Soc., B., 110 , 1932) have independently shown that light 
conditions sexual activity in the ferret and vole respectively, 
thus extending the results to mammals. The nature of the 
stimulus and the mechanism by which gonadic activity is 
aroused are yet obscure, but the suggestion of Hogben (Nature, 
188 , 1931) and Bissonnette, that light stimulates the pituitary 
and hence indirectly the gonad, appears most feasible. 

ABCnUMIiOOT. By E. N. Fallaize. 

British Association at York. Archceological Problems and 
Relations . — ^Archaeologists found much to interest them among 
the communications which were presented to the anthropo- 
logical section when the British Association met at York in 
September last. The address of the Sectional President, Dr. 
D. Randall-Maclver, " On the Place of Archaeology as a 
Science and some Practical Problems in its Development,” 
Itod a statesmanlike breadth of view, and raised a numb^ 
of issues, practical and theoretical, upon which as a practical 
excavator, as well as a theorist, he was fully qualified to 
pronounce. These points archsologists will do well to keep 
in mind as occasion arises. Such matters as the training 
of an archeologist, museum display, the necessity for early 
publication of the results of excavation, and the sale of 
nuiseum duplicates to provide funds for future research were 
discussed side by side with broader questions, such as the 
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preservation of archseological «tes from the depredations of 
the untrained observer and those whose object is cotnmerdal 
exploitation. In his view of the urgent necessity for some 
measiire of control of excavation all archaeologists in the true 
sense of the term will entirely concur, though the question 
bristles with difficulties. Many will also endorse his sugges- 
tion that in future excavation part of each site should be set 
aside for study byfuture generations inthc light of later develop- 
ments of knowledge and technique, a policy of which the wisdom 
has been illustrated by recent discoveries at Pompeii. As lus 
own contribution to a scheme of training for the archaeologist, 
Dr. Randall-Maclver offered the suggestion of a period of 
practice in some craft, such as pottery-making. On the 
theoretical side the relation between archaeology and cognate 
sciences was outlined. Archaeology in the field, he pointed 
out, provides the bare facts, anthropology gives the colour and 
the meaning, geology provides a relative, and history or pre- 
history an absolute time-scale, the latter now beginning about 
3300 B.C., geography indicates where the evolution of man and 
ids cultures could have taken place, having in view dimato- 
logical and geographical conditions at different epochs, and so 
forth ; while in the study of culture. Dr. Randall-Maclver 
laid down the canons which, in his opinion, should be observed 
in discussing independent origins and the diffusion of cultural 
elements. 

Ice-Age Man in Britain . — ^The question of a border-line area 
in the relation of geology and archaeology was also raised in 
another of the presidential addresses. Prof. P. H. G. Boswell, 
as President of Section C (Geology), took as his subject 
“ The Contacts of Geology and the Ice Age and Early Man in 
Britain.” More than half his address was devoted to a review 
of the evidence relating to the Ice Age in Great Britain, whi<^, 
he pointed out, as a marginal area of glaciation, was particularly 
favourably situated for stratigraphic observation. After a 
survey in rotation of the areas in Britain in which traces of 
human occupation on or beyond the area of glaciation had 
been observed, he suggested that there were four, if not five, 
successive glaciations with four interglacial periods, and that 
early man was established in Britain when it was still a north- 
western promontory of Europe, and preceded the first glacial 
period by long ages during which he passed through successive 
stages as a tool-making animal to arrive at length at the form 
and technique of a fully developed Chellean implement. 

The Mesolithic Age in Britain , — ^Man in Britain during the 
last^ glaciation and the immediately succeeding period was the 
subject of a group of papers, openii^ with an account by Mr. 
A. JU Armstrong of recent excavations in North Lincolnshire, 
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which had te'ought to light heavily rolled late A.urignacian 
implements on a site at Hardwick Hill, east of the River Trent. 
These suggested the existence of paleolithic man there on the 
shm'es of an estuary or glacial lake before the last glaciation. 
It would appear that a band of hunters had penetrated the 
TVent swamp and had taken up their residence on the dry up- 
lands of the cliff range and probably the Wold also. Here 
they had remained through the last glacial events until the 
coming of the Azilian and Tardenois cultures, which, eventually, 
had dominated Lincolnshire, as was shown by a number of 
stratified living-sites in the area. Evidence pointing in the 
same direction was adduced from a developed Aurignacian 
(Creswellian) site, discovered by Mrs. E. H. Rudlrin on the 
western escarpment of the Lincolnshire cliff above Willoughton, 
and from Sheffield Hill, near Scunthorpe, which yielded 
evidence of the first phase of the developed Aurignacian with 
superimposed early Tardenoisian. Risby Warren, Scunthorpe, 
which was also described, exhibits a stratified sequence from 
Creswellian to earliest neolithic, full neolithic and bronze age. 
Tardenois is represented by several horizons and can be classi- 
fied broadly as early and late. For the Tardenois culture, 
which is here so fully represented, Risby Warren may be con- 
sidered the type station in England. 

On a broader basis, Mr. J. G. D. Clark reviewed the evidence 
relating to the Mesolittiic Age in Britain as a whole. Knowledge 
of this period has reached a stage in which distinctions of 
typology and chronology are now possible. The results of 
Mr. Clark's studies of this phase of culture are set forth more fully 
in his recently published The Mesolithic Age in Britain (Dun- 
bridge University Press), in which it is stated broadly that while 
the Upper Palaeolithic in Britain already showed certain meso- 
lithic tendencies, Tardenois was definitely an intrusive culture 
in both the early and middle periods, and possibly con- 
tinental influences are also to be discerned in the late period. 
Mr. Clark divides the whole country into two areas. Area A is 
characterised by the development of Tardenoisian and the 
tranchet axe is rare. In Area B, the south-east of England, the 
tranchet is common, but the late Tardenoisian is almost 
absent, its place being taken by microlithic points of a non- 
geometric type. Reference must also be made here to Mr. 
F. Buckley's useful paper on the mesolithic artefacts of the 
Pennine Chain which seem to point to two distinct races of 
Tardenois folk, one the people of the “ Narrow Blade ” indxistiy 
and the other the people of the “ Broad Blade," The former 
made numerous small geometric tools and used open 
micampments ; the latter made few geometric tools, but many 
pointed blades, and erected huts or wigwams on their camping 
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sites. The micro-graver is common to both. As a whole the 
discussion at York not only indicated a keen interest in what 
has been rather a neglected period of prehistoiy ; but it also 
has served to clear the ground for future lines of enquiry. 

Flint-mining. — ^Mr. Clark’s book to which reference has 
been made contains a number of valuable appendices dealing 
with special points connected with the mesolithic age, and one 
which discusses the evidence relating to the flint-mining in- 
dustry in which Mr. Armstrong’s interpretation of the evidence 
of early flint-mining in Britain is discussed. In this connection 
also may be mentioned a valuable contribution to the study of 
a much-debated subject by Mr. J. H. Pull, whose recently 
published Flint Miners of Blackpatck (Williams and Norgate) is a 
detailed account of the mining-shafts, burial-mounds and 
habitation-sites of a flint-mining settlement in Sussex upon the 
excavation of which he has been engaged for some years. 

Early Mining in Greece . — Communications at York on later 
periods of British prehistory — several describing excavations in 
the north of England— must be passed over here to admit of 
mention of three important papers which dealt with recent 
work in the Mediterranean and the East. Of these that by 
Mr. Oliver Davies on “ Mining in Greece in Pre-Classical Times ” 
was new both in subject and in technique. It was based on the 
examination of a large number of ancient mine-workings in 
Greece and the Aegean, from which, as Prof. J. L. Myres put it 
in the subsequent discussion, “ it seemed clear that tluroughout 
antiquity people were much less exclusively dependent upon a 
few lai^e, rich and fully exploited centres than had been thought 
hitherto, and that a good deal was to be allowed in their acqmsi- 
tions for those numerous, scattered, short-lived, but neverthe- 
less in some instances very early, sources of the principal 
metals." Mr. Davies brought together passages in early literatiu'e 
relating to gold, silver, copper, and other metals, and gave the 
results of his search for the sources from which they had been 
obtained. It is to be noted that, contrary to the generally 
accepted opinion, he found a lack of evidence to support the 
early mining of copper in Cyprus. He also suggested that the 
rarity of gold in Greece in the early Iron Age, evident in Homer, 
and also to be inferred from the amazement of the Greeks at 
the wealth of Croesus, may have been due to the fuct that early 
accumulations of gold became the booty of pirates and raiders, 
while Aegean gold might have gone to Solomon in Palestine 
and to Miaas in Phrygia. An extended abstract of Mr. Davies’s 
paper is to appear m Nature, and the evidence for mining 
activity in pr^storic Macedonia will be found in the Journal 
oftkeR.Ar^opological Institute, vol. LXII, 1932, pt. i. 

Samaria , — A second paper of considerable interest was the 
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account by Prof. J. W. Crowfoot of the resumed excavation of 
Samaria, the site on which the Harvard Expedition suspei^ed 
Operations in 1910. The principal results of the present joint 
expedition of Harvard University, the Palestine Exploration 
Fund and other bodies, which beg^n work in 1931, have been 
the uncovering of a magnificent section of the outer of the two 
defensive walls of the Israelite period, and the partial determin- 
ation of the plan of the second, the upper, or Palace, wall, a 
rectangle enclosing an area of eight acres. Ivory plaques, 
decorated with motifs from various fields, Egypt, Assyria, 
Anatolia, and the like, which had ornamented articles of furni- 
ture, bore witness to the luxury and wealth of Samaria de- 
nounced by the Hebrew prophets. 

Nineveh . — No less interesting, whilst of broader significance, 
was Mr. M. E. L. Mallowan's account of the prehistoric civili- 
sations of Nineveh as brought to light by the British Museum's 
excavations in 193 1-2 under the direction of Dr. Campbell- 
Thompson. Excavation has shown that four-fifths of the contents- 
of the mound are pre-Ass3rrian. A series of civilisations ending 
at about 3000 b.c. has been revealed. The latest is a proto- 
historic culture which shows close relation with the civilisation 
of Ur. The mound was dug to a depth of 92 feet to virgin soil, 
and five distinct prehistoric cultures were revealed, of which 
the earliest, characterised by a coarse plain and indsed ware, 
cannot be placed much later than 5000 b.c. Belonging to the 
second is a ware with brilliant three-colour decoration on a 
burnished slip, showing affinities with the early ware of Carchem- 
ish and Tell Halaf, though the latter is probably a late stage 
and is not found at Nineveh. The thmd phase has infant 
urn-burial, grey burnished pottery, seal impressions with animal 
drawings, and early examples of metal. In the fourth is 
Ejech red ware and seal impressions of the Jemdet Nasr period, 
c. 4000 ; while in the fifth, the latest period, appear wheel- 
made painted pottery, indsed pottery, and Sumerian seal 
impressions. The evidence of sondage is such as to leave time 
relations and correlations with other dties beyond question. 

Recent Excavations in Britain. East Anglia and Gtunwy. 
— Prelimina^ reports on excavations in the field in progress 
in Great Britain during the past season indicate conaderable 
activity and sound work, if without any discovery of out- 
standing sensational interest — a state of affidrs for which 
the excavators themselves are perhaps not entirely unthwk- 
ful, as it has entailed fewer interruptions to thdr work. 
Amon^ operations with a more or less definitely drcumscribed 
objective may be mentioned the work of Mr. J. Reid Moir 
on the early stone industries of East Anglia, which has 
been undertaken with the finandal assistance of Henry 
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Wellcome, and of which the results will no doubt be displayed 
in due course in the galleries of the new Wellcome Museum, and 
the investigation of the dolmen of D^hus in Guernsey by lifiss 
V. G. C. Collum under the auspices of the British Museum and 
with the financial assistance of Sir Robert Mond. Mr. Reid 
Moir reports important finds of early Chellean implements of 
various types from the Cromer Forest Bed. Miss Collum has 
already discovered the foundations of the ramp by which the 
stones of the D^hus monument were placed in position, and has 
made some corrections of the accepted plan. She hopes that 
in due course her investigations in the island may throw light 
on the date of its megalithic monuments. 

Vemlamiunt . — ^Among major operations, Verulamiiun natur- 
ally takes first place at the moment. The most striking dis- 
covery of the season was that of another large mosaic Roman 
pavement in the western wing of the important second-century 
house in which the " Neptune ” pavement was discovered last 
year. Some interesting particulars of the history of this house 
were obtained. It occupies a space of about loo feet by 
70 feet at the centre of the city, and, apparently, was rebuilt 
in the third century, when part of the old building was incorpo- 
rated in the new, the elaborate heating system of the earlier 
structure, however, being cut off. The room in which the second 
recently discovered mosaic was found had an elaborately 
painted plaster wall, which had collapsed as if pushed down. 
A further discovery was that of the western gate, by which the 
road issued to Silchester. It was found to be smaller than the 
previously discovered north and south gates. It had two 
s<|uare flanking towers and a triple arch over a road 30 feet 
wide with two side paths. The circuit of the first-century 
defences, which preceded the city wall, is being traced, and a 
defensive ditch of this system has been opened up. 

Colchester . — At Colchester the search for the headquarters 
of the British chieftain, the “ Palace of Cymbeline,” was con- 
tinued without success. Excavation proceeded on the part of 
the British site discovered in the previous season. It produced 
some interesting relics, notably a large bronze caulvon, but 
proved to be an area of British dwelling-sites rather in the nature 
of “ kraals.” It was occupied by the troops of Qaudius in the 
operations of a.d. 43 when a camp of unusual form was made 
over the original British dwelling-sites. This area is now shown 
to have been under five distinct occupations. After the 
Claudian operations it was used as something in the nature of a 
depot for material while the neighbouring Roman town was in 
course of erection. This was followed by some rather squalid 
British dwellings, which were destroyed by fire presumably 
by Boudicca when she attacked Camulodunum in a.d. 61 ; and 
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it was then once more occupied, but only temporarily, by Roman 
troops, possibly by those who were engaged in the pursuit of the 
queen. 

Meare Lake Village . — ^At Meare, near Glastonbury, excava- 
tions on the lake-village have been resumed by the Somerset 
Archaeological Society under the direction of Mr. H. St. George 
Gray and Dr. Arthur Bulleid after an interval of two years. 
Operations have now begun on the western half of the village, 
of which the eastern edge is being examined. The western 
half of the village was separated from the eastern by a water- 
way of about a hundred yards’ width, apparently without a 
causeway. A large wooden substructure of massive beams 
was uncovered. Upon this clay was placed to form the floors 
of the houses. Among the smaller finds were a large quantity 
of bronze in the form of sheet, " drops,” slag, rings, rivets, and 
scabbard bordering, armlets of Kimmeridge shale, sheet lead, 
showing nail-holes at the edges, and beads, including egg- 
shaped beads in clear glass of a type not previously found in 
Somersetshire lake villages. A human skull, apparently of 
a young adult male, was the first human skull to be found 
at Meare. 

The Viking Age in Ireland . — An excavation which has 
proved most striking in its results has been carried out by an 
Archaeological Expedition of H2urvard University at work on a 
crannog at Ballinderry, near Moate, co. Westmeath, in Ireland. 
The crannog is of Viking age, dating at about 1000 b.c., and 
was first identified four years ago through the discovery of a 
fine example of a Viking sword in the course of the clearii^ of 
a drain. The island is constructed of layers of brushwood and 

S eat with a substructure of beams carrying further layers of 
rushwood and peat upon which a circular house was erected. 
At a later date further layers of peat were placed on its ruins, 
and on this two rectangular houses were built. The inhabitants 
were at once hunters, herders of cattle and agriculturists, as is 
shown by the animal bones and by the relics of their material 
culture, which include the coulter of a plough and stone querns 
for grinding corn. Apparently they had no pottery, but used 
wooden utensils. Well-made barrel staves and well-turned 
wooden vessels were found. The settlement was evidently 
one of some wealth and refinement, for among the finds were 
not only a Viking battle-axe and a fine example of the bill-hook, 
knives, axes of iron, etc., and a wooden bow, but there were a 
quantity of bronze pins, a tenth-century gilded pin, a silver 
late-shaped brooch, a beautiful hanging bowl of bronze, 
described as the finest bronze ever discovered in Ireland, and a 
holed mming board of wood elaborately patterned and orna- 
mented, whiw is said to be the finest Viking object hitherto 
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fotmd in Ireland. The decorative patterns suggest a North 
British or Manx origin. 

The Ballinderr^ hanging-bowl calls for furthCT notice in 
view of an interesting discussion on the the hanging-bowls of 
earlier date, usually known as the “ Saxon bowls,” which has 
arisen recently. TTie Ballinderry bowl is a pointed oval, 
9^ inches long, 7 inches wide, and about 2J inches deep. It has 
three animal heads for suspension, and the base is ornamented 
by an elaborate engraved rosette pattern. Underneath the 
pointed end is a plaque on which is an acanthus scroll of about 
A.D. 1000. It is suggested that this bowl descends from the 
Romano-British and Anglo-Saxon hanging-bowls, 

Celtic Art . — Now in regard to the earlier or ” Saxon ” 
hanging-bowls, a revolutionary theory was put forward by 
Nfr. T. D. Kendrick in Antiquity for June last, in which he 
argues, on the basis of a detailed analysis of the decorative 
** ^tic ” ornament of these bowls, and more particularly of 
the escutcheons, that they are entirely Romano-Britisn or 
British in origin and not Saxon, the series coming to an end 
about A.D. 600, and thus requiring a much earlier dating than 
b usually allocated to them. Further he suggests that the end 
of the hiatus in Celtic art during the last part of the Roman 
period was due not to a renaissance of an ancient Celtic art, 
but to the adoption and assimilation by Celtic artists of late 
Roman patterns and motifs. On this view the part played by 
Ireland in the revival of Celtic art becomes a small one, and 
he holds that it was only after the Saxons had crushed out 
Celtic art that it found a home for its further development 
from the seventh century onward in Ireland. The challenge 
issued by Mr. Kendrick is taken up by Dr. R. E. Mortimer 
Wheeler in Antiquity for September. Here, passing over the 
objection that no dated example of the hanging-bowl is as early 
as Romano-British, he argues that some special explanation 
must be sought for the phenomenon, unique in the history of 
art, that the two phases of Celtic art, linked by an essentially 
similar informing spirit, are separated by a hiatus of three 
centuries of time. ^ Examining Celtic art as a whole in relation 
to the conditions in which it was produced, he suggests that 
the Celtic artistic temperament was a plant of tender growth 
which flourished only in conditions of security and when not 
subject to commercial competition. Thus it flourished when 
economic security was thrust upon the ^Itic world in Britain 
by the semi-Teutonic Belgic pnnees and the might of Rome ; 
but it failed before the mass-craftsmanship of Rome, to revive 
when the Saxon occupation again brought peace and some 
leisure to the Celtic population, thus explainii^ the fact that 
the h a nging -bowl when found in association, such as in a btnial, 



ARCHAEOLOGY 609 

is iavariably with Saxon remains. The unrest on the British 
frontiers was allayed by the Celtic Church, which offered the 
native artist a greater degree of congenial patronage, and thus 
caused the shift of artistic interest from Saxon England to the 
Irish Celtic Church. 

The East — Ras Shamra . — The lull which normally each season 
precedes resumption of archaeological activity in the East has 
this year been interrupted by the visit of M. Schaeffer to lecture 
before the University of London and the Society for the Pro- 
motion of Hellenic Studies on the French excavations in Syria 
and the finds in the necropolis of Minet el-Beida. He made the 
interesting suggestion that in the great beehive tombs of the 
Ras Shamra area, which have been found filled with objects 
from Cyprus, Rhodes and Mycenaean Greece, are to be seen the 
resting-places of important personages of Greek, Cyprio-Greek 
and Creto-Greek origin . Thus Aegean colonisation on the Syriam 
coastal belt, which has legendary support, is added to the 
sources of the racial elements which met in this cosmopolitan 
gathering-place of the ancient world. 

The Indus Valley . — Until the records which have been, and 
continue to be, discovered at Ras Shamra have been subjected 
to careful study by expert philologists it is impossible to 
forecast what light may or may not be thrown on the languages 
of the proto-historic East by evidence from this evidently poly- 
glot centre. Although it is a far cry from this early civilisa- 
tion of the Syrian coast to the Indus Valley and its prehistoric 
culture, both in time and space, yet evidence of the connection 
of the latter with the nearer East is accumulating. Mr. Ernest 
MacKay has pointed out (Times, August 28, 1932) not only that 
the seal from Tell Asmar recently found by Dr. H. Frankfort 
is undoubtedly of Indian workmanship, the gharial or fish- 
eating crocodile and other animals represented on it being 
repeatedly found on Mohenjo-daro seals and sealings, but tluit 
a fragment of steatite vase found at Mohenjo-daro bears exactly 
the same intricate and unusual pattern as is borne by a double 
vase of steatite from Susa 11 . Its Elamite origin is confirmed 
by the fact that it is of greenish-grey steatite, the only piece of 
its Und found at Mohenjo-daro. The Mohenjo-daro fragm«it 
lay at a depth of 28 feet below datum, whereas Dr. Frankfort's 
seitd, dated round about 2500 b.c., can only be correlated with 
the upper levels. 

Following on Prof. Petrie’s suggested interpretation of the 
figures Of the Indus valley sealings. Sir Denison Ross calk 
attention (Times, September 21, 1932) to a communication 
made to the Acaddmie des Inscriptions et Belies Lettres, Paris, 
by M. Paul Pelliot, who referred to the discovery by M. Guil- 
Imime Hevesy of a marked resemblance between the Indus 
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Valley script and the pictographs of the well-known Easter 
Island inscriptions on wooden tablets. The resemblance W"© 
certainly striking, but are hardly adequate to carry conviction 
of any relationship, especially after the esay in the interpre- 
tation of the tablets recently made by a committee of the Royal 
Anthropological Institute. The lack of a connecting link 
when what must be an enormous gap in time has to be bridged < 
is seriously fdt, even though it has been pointed out that the 
carved wooden figures of the Kafirs of Afghanistan are very 
like the carved figures of Easter Island. 

Peking Man Skeletal Remains. — Among the more interesting 
of recent publications is the Bulletin of the Geological Society of 
China, vol. XI, pt. 4, which contains the report of Dr. Davidson 
Black on the skeletal remains of Peking man, other than skull 
parts, found in the cave of Choukoutien, and a supplementary 
report by P. Teilhard de Chardin and Dr. W, C. Pei on the stone 
implements found in the cave. As previously stated, the skeletal 
remains were recovered at different times over a period of four 
years from 1928 onward, mainly from material removed firom 
the cave for examination in the laboratory at Peking ; but no 
announcement had been made in the hope of obtaining further 
material for a fuller description. The bones now described 
are a left semilunar bone of the wrist, a left clavicle and several 
terminal phalanges. The semilunar bone supports the evidence 
of the stone implements that the hands of Peking man were 
as our own, and differs in no essential particular firom that of 
modem man ; while the clavicle, though imperfect, can be 
estimated to be virtually identical in size and character with a 
davicle of similar robustness in a North China adult male. 
The phalanges, however, are in certain respects abnormal, and 
though immediately on the discovery of the first example 
Dr. Black diagnosed it as that of a hominid, a view endorsed 
by submission to a palaeontological expert, the late Prof. W. 
Mathew, it is like that of no other known hominid. It is 
evident that the feet of Peking man must have been strikingly 
different from those of modern man. 

Stone Implements from Choukoutien. — ^The report on the 
stone implements is interesting because, as the authors state, 
it is necessitated not only by further field work, but also by a 
change in the character of the archaeological problem involved. 
It can no longer be argued as to whether these specimens are 
of human origin. Indeed, in view of the circumstances of the 
discovery that question could hardly have beenseriouslyin doubt; 
but it is now under discussion whether they were the work xA 
Peking man, or of another, amd presumably more advanced, 
later occupant of the cave. The authors in this report therefore 
confine their attention almost exclusively to the implements 
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from the lowest of the three zones into which the deposits are 
dassified, for it is in this zone that implements have been 
found in situ and in immediate association with the skeletal 
remains of Peking man. It may be noted, however, that in 
the uppermost zone, in which numbers of artefacts and burnt 
bones have been found, the deposits are said to resemble 
strikingly the dassical deposits of the European palaeolithic 
caves. The implements described are dassined into roughly 
chipped blocks, choppers, pointed implements, scrapers and, 
possibly, anvils. The material is sandstone, veined quartz, 
quartzite and quartz-porphyric rock, sandstone predominating. 
The sandstone and quartz were presumably obtained from a 
neighbouring river-bed. An abundant and dmracteristic fauna 
indudes Equus Sanmeniensis, Elephas namadicus, Rhinoceros 
Sinensis, R{?) Tichorhinus, etc. A comparison with other 
sites in China, geologically and palasontologically, fixes the place 
of Choukoutien in the series and definitely assigns it to the 
early pleistocene ; but precise correlation with European 
series is not yet possible. The authors’ provisional conclusion 
is that the industry is distinctly, but moderately, in advance of 
what the most primitive recognisable human industry might 
be expected to be. 

South Africa. A Neanderthaloid Skull . — ^Another discovery 
relating to early man is announced from South Africa, where 
Prof. I>eyer has found a human skull at Florisbad Hot Springs, 
twenty-five miles north of Bloemfontein. It was assodated 
with stone implements which have been submitted to Mr. 
van Riet Lowe for expert examination. Prof. Dreyer, who has 
named the skull Homo Helmei, in honour of Capt. Helme, the 

S ’omoter of his research, regards it as a local differentiation of 
omo Neanderthalensis. In view of the position and character 
of Rhodesian man, this discovery may have far-reaching effect 
on the theory of the development and diffusion of human typ>es 
in South Africa. 

Dented Mutilation . — In view of the reference to the mutila- 
tion of the teeth in the last issue of Science Progress (p. 251), 
attention must be called to a letter from Prof. Elliot Smith 
which appears in Nature of September 3. He there withdraws 
his statements with regard to the evidential value of dental 
mutilation in chronology in view of the fact that he had over- 
looked evidence from other places, which indicates that dental 
mutilation may be very much more ancient than the Nubian 
record suggests. He refers to evidence from neolitluc remains 
from North Lancashire and North Wales, the Egyptian Middle 
Kingdom, a late predynastic skull, and from the so-called 
stone-aM Aino remains from the shell mounds of Japan, of 
which the last-named had been examined by himseu when in 
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Japan. Though Prof. Elliot Smith rq^ards none of the evidence 
as conclusive, he thinks the cumulative effect raises the possi" 
bility that the mactice is much older than he had thought. 
N0W Ptrioaical. — new archseological publication has ap- 

K ared in Paris under the title Prihisloire. It is edited 
'. Raymond Lantier with the assistance of an international 
committee, of which Count Begouen, the Abb6 Breuil, Prof. H. 
Obermaier, Prof. Bosch-Gimpera, and Mr. Miles Burkitt are 
members. The new periodical has set- itself the ambitious 
programme, in present conditions, of affording a place of publi* 
cation for articles and monograms which, by their length or 
their need of illustration, find it difficult to secure acceptance 
elsewhere. The first number — which in the character of its plates 
and illustrations in the text should fulfil the promoters’ aspira- 
tion — contains contributions from Dr. Henn Martin, who de- 
scribes fully for the first time the remarkable rock-shelter at Roc, 
Charente, with its Solutrean " art-gallery ” ; from Prof. H. 
Obermaier, who describes the late Magdalenian art of the 
Gotte du " Pendo,” near Santander; and from Dr. R. Forrer, 
who deals with the cult-chariot of prehistory and its survivals 
in historic times, incidentally working out a theory of the origin 
of the wheeled cart in bronze-age sun-worship. 



ARTICLES 


SUPERCONDUCTIVITY 

By J. DE BOER 
KamtHittgk Ommm Ltb orMto ry, Laiin, UtXUmi 

' Introduction 

In 1911 Kamerlijigh Onnes discovered [i] that at the boiling- 
point of liquid helium (T — 4*2° K.^ the electric resistance of a 
mercury wire suddenly becomes immeasurably small. This 
phenomenon, the sudden disappearance of the electric resistance 
at a given temperature, is called superconductivity. 

This great discovery was made in connection with the 
determination of electric resistance as a function of temperature 
at low temperatures. At first it was thought (Lord Kelvin 
and Koenigsberger) that the electric resistance of a pure metal 
would become infinite at the absolute zero in consequence of 
the assumption that the electrons, which are the actual con- 
ductors in a metal, would then be “ frozen.” But investiga- 
tions with Pt, Ag, Au, Hg, at liquid-hydrogen temperatures 
(iS^-so® Kelvin) showed, that if it was permitted to extrapolate 
the resistance curve towards T — 0° we must not expect an 
infinitely large resistance, but a resistance equal to zero. 
Further investigations with Hg at still lower temperatures — 
those of liquid helium (i°-4*2® Kelvin) — showed, as stated 
above, that whilst the resistance decreased still a very little 
above 4*2'*, it vanished all at once at this temperature in a small 
ten^rature interval (Fig. 1). 

Since this discovery, a great number of superconductors 
have been discovered, not only among the pure elements, but 
also among the alloys and compounds. They all have the 
jMToperty that the transition point (the temperature at which 
the resistance suddenly disappears) is very low, generally 
below 10” K., so that the phenomenon can only be investigated 
in low-temperature laboratories, ».«. at Leiden, Berlin, Toronto, 
and Washington (Bureau of Standards). 

The measurements are common resistance measurements 
with direct current : the same current flows through the unknown 
ao 613 
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resistance and a standard resistance. With a Wolff-Diessd- 
borst compensation apparatus we measure the poten^tial differ* 
ence between the ends of each resistance ; the ratio of these 
potential differences is equal to the ratio of the unknown 
resistance and the standard resistance. 

There is at present no theory which can explain the different 
phenomena of superconductivity in a satisfactory maimer. 



Section I : The superconductivity of elements. 

Section II : The superconductivity of alloys. 

Section III : The relation between superconductivity and 
other physical properties. 
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Section I : The Superconductivity of Elements 

$ I. At present we know altogether ten elements which 
become superconductive at low temperatures : 


BtanMiit. 

Tram. pt. 

Cnmtml latttoe. 

Hg 

. 4 22 '’ K. 

Rhombobedric. 

Sn 

. 37*“ K. 

Tetragonal. 

Pb 

. 7 - 2 “ K. 

Cubic, face centred. 

T1 

. 2-37" K. 

Hexagonal, cloae packing. 

In 

. 3-37* K. 

Tetragonal. 

Gft 

i* 03 * K. 

Tetragonal. 

Ta 

. 4-4“ K- 

Cubic, space centred. 

Th 

. i-s* K. 

Cubic, plane centred. 

Nb 

. S-a® K. 

Cubic, space centred. 


McLennan found that ruthenium also becomes superconduc- 
tive, but Meissner’s measurements failed to confirm his result, 
so that we shall omit this element. 

The resistance curve of all the superconductors shows the 
same character. The resistance diminishes over the whole 
temperature interval, above the transition point the diminution 
is very slight, but at this point the resistance vanishes entirely 
in a very small interval (Fig. i). The resistance curve in the 
neighbourhood of the transition point is called the thermal 
transition curve and the resistance just above the transition 
temperature is called the residual resistance at this temperature. 

When the temperature of a superconductive metal is raised, 
the resistance-temperature curve is unaltered. From this we 
draw the conclusion that the thermal transition curve is 
reproducible, without any hjrsteresis. 

Since the resistance disappears in a small temperature 
interval, the transition point is not quite definite. Therefore 
we will define it as the temperature at that point of the tran- 
sition curve where half the resistance has vanished. 

At first, when only the first five elements of the above- 
mentioned table had been discovered, it was thought that a 
relation between superconductivity and the periodic system 
of the elements existed, because these elements have a special 
place in this system. The other elements, however, do not 
agree at all with this idea and this h3rpothesis has now been 
abandoned. 

§ 2. It is possible to destroy the superconductive state of a 
resistance by the application of an external magnetic field of 
sufficient intensity [2]. The curve, which represents the 
change of the resistance with the intensity of the magnetic 
field [magnetic transition curve at a given temperature), is closely 
anaic^ous to the thermal transition curve (Fig. 2). The field 
itrei^lth required to give the metal half of its residual resistance 
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is know as the ma^etic threshold value at the given temptf- 
ature. The magnetic threshold value moves from sero at the 
transitional temperatiure towards higher field strengths at lower 
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temperatures. Figs. 2 and 3 show that the magnetic threshold 
value is also dependent on the direction of the magnetic 



relative to the electric current through the wire. Unlike the 
temperature transition curve, the magnetic transition curve 
shows a hysteresis effect : the curves chained with increasing 
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and with decreasing fields are different. The mametic tran- 
sition curve of a Sn single cr^tal, for example, has the following 
character (Fig. 2) : At a given value of the magnetic field the 
resistance comes back. When it is restored to its normal 
residual value, a further increase of the field does not change 
it any more. In a decreasing field the resistance keeps its 
normal residual value, even in fields lower than those in which 


fio X io-*n 



Fio. 4. 


it was smaller than the residual value for increasing fields, 
until it vanishes discontinuously in one step. 

The resistance always returns at the same field intensities ; 
its disappearance, however, does not take place at the same 
intensities of the magnetic field — it is also unreproducible. 

By disturbing the superconductivity it is possible to con- 
tinue the ordinary resistance curve temperatures below the 
transition temperature. The residual resistances obtained by 
the disturbance of the superconductive state lie on con- 
tinuation of the resistance curve for temperatures above the 
transition point. 

Kamerirngh Onnes showed that the superconductivity also 
^iktiipipmxn when the intensity of the electric current tfairough 
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the resistance exceeds a critical value [3]. Just as in the 
case of the magnetic disturbancei there is for every temperature 
a critical value of the current ; when this is exceeded the super- 
conductivity is disturbed. This fact shows that if we measure 



Fig. 5. 


a point of the thermal transition curve, the measured resistance 
is dependent on the current. Ohm’s law loses its validity. 

Silsbee [4] put forward the hypothesis that the magnetic 
field due to the threshold value of the current on the surface 
of the r^istance (t.«. the place where this magnetic field reaches 
its maximum value) is exactly equal to the (transversal) magnetic 
threshold value at the same temperature. Experiments 
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by Kamerlingh Onnes and Tuyn [s] confirm this supposition. 
In all these experiments all the values of the field intensities 
must, of course, be corrected for the intensity of the terrestrial 
magnetic fidld. Thus the phenomenon of the threshold 
current need not be regarded as a new phenomenon, to be 
explained by heating or otherwise, but is a direct result of the 
threshold magnetic field. 

$ 3. Influence of elastic deformation on superconductivity. 
This phenomenon has been investigated by Kamerlingh Onnes 
and Sizoo [6]. The influence of elastic extension on the vanish- 
ing point has been investigated on tin, and that of elastic 
conmression on tin and indium. 

The result of the measurements was that stretchii^ a 
wire was conducive to the appearance of the superconductive 
state (Fig. 4) ; a tension of 2’5 kg./mm.' within the limits 
of elasticity raises the critical temperature of tin by about 
0*007“ K. Hydrostatic pressure on a tin wire, however, causes 
a displacement of the transition curve to lower temperatures ; 
the displacement for a hydrostatic pressure of 3 kg./mm.* 
amounts to 0*005 “ K. The results with indium are shown graphi- 
cally in Fig. 5. Both these results were unexpected, because 
at normal temperatures an increase in pressure lowers the 
resistance and a tensile stress within the elastic limit increases 
the longitudinal resistance of the metal. 

$ 4. The distribution of electric currents in superconductive 
circuits is determined by Lippmann’s rule : The number of 
magnetic lines of force enclosed by a closed superconductive circuit 
is constant [7]. When, for example, in the time dt the number 
of lines changes by dn, a permanent current (resistance zero) 
is induced in the circuit. If the number of lines of force due 
to this current is dn*, then 

dn , dn* 

a? + ” 

.’. d(n + n*) — o 
or n + n* — constant. 

Sizoo [8] has tested Lippmann's rule on the distribution of 
a current m two parallel tin wires of different diameter (Fig. 6). 
In the non-superconductive state this distribution is ued by 
the ratio of the resistances. When now the wires were cooled 
till below the transition point of Sn, the magnetic needle, 
which was the indicator for the distribution of the current, did 
not chai^, thot^^h both wires had now the same resistance 
(zero). The external current was then broken, but still the 
n eedfe did not change its position. 
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Very interestiitf experiments on induced currents in a ckMM^ 
superconductive circuit have been carried out by^ KAmCThi^fh 
Qraes and Tuyn [9]. They invwtirated the diminution of 
the currents with we time, for this diminution is a test lojf • 
possible small resistance in the superconductive state. The 
apparatus (Fig. 7) was based on the change of the elertro- 
dynamic forces between two superconductors and consisted 
therefore of a system of two superconductive (Pb) rings. The 
exterior ring B is fixed, but the interior ring A can be turned 
by means of a glass rod C and a spring D. Spring D can be 
turned separately by a torsion head. When the cryostat was 


_ 1 

r 

y 

1 

1 


1 

« 





I *****^*"**"*"^^ 

! 

C.. — 

1 

1 








FlO. 6. 

filled with liquid helium and the two rings were in the super- 
conductive state (transition point of Pb is 7*2° K.), a magnetic 
field was switched on. The lines of force were perpendicular 
to the planes A and B. The magnetic field was stronger than 
the magnetic threshold value at the boiling-point of helium, so 
that the induced currents died out (superconductive state 
was disturbed). When the magnetic field was diminished to 
lero, persistent currents were induced, whose nmgnt»tfc field 
was equal to the threshold value (from the moment that» the 
external field b smaller than the threshold value, the rings be- 
come superconductive and Lippmann’s rule must be applied). 
By means of the torsion head the ring A is turned 30®, controlled 
with mirror G. It was necessary to turn the torsion head 
through an angle greater than 30®. From this it followed that 
persbtent currents existed. The turning of mirror G with the 
time b now an indication of a diminution of the electro-dynamic 
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forces between the rin^ and therefore for a residual resistance 
in the superconductive state. The 
correction for slipping of the torsion 
head with the time is determined 
with another mirror I. The result of 
the experiments was that the currents 
remained constant to i : 80,000 per 
hour. A possible residual resistance 
below the transition point must there- 
fore be smaller than 10"^* x the resist- 
ance at o® C. 

. By a similar experiment the paths 
of the persistent currents in the metal 
were investigated. Ring A in the pre- 
ceding experiment was replaced by a 
sphere of lead, and the diminution of 
the electro-dynamic force was observed 
to be of the same order as before. 

From this we may conclude that the 
paths of persistent currents are fixed 
in the metal. 

If it is impossible to bring a material 
to the form of a wire because the 

K properties are unfavourable 
purpose, or that the quantity 
of material is insufficient, then we can 
use the properties of persistent currents 
to investigate its superconductivity. 

If we have, for example, the material 
in the form of a powder, then we can 
induce in the different grains in the 
former way persistent currents. Each 
of these grains gets in this way a 
permanent magnetic moment, and we 
can show the resulting magnetic moment 
by means of a magnetic needle, placed 
outside of the helium cryostat. This 
method has been tested with grains of 
lead, and in this way it has been 
shown that germanium and grey tin 
Ido not become superconductive above 
l•8®K. Fio]. 

5 5. Of the highest importance to the 
phenomenon of the superconductivity is 
the crystal lattice of the different super- 
conductors. For example, tin is a very 
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good element to demonstrate this assertion, as the metal is 
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known in two forms, as white tin (tetragonal lattice) and at 
grey tin (cubic lattice). This last form is more stable at low 
temperatures. White tin becomes superconductive at 37* " K. ; 
grey tin is not superconductive above i' 8 “ K. ^ 

Moreover, de Haas and Voogd have investigated the influ- 
ence of the crystalline state of a tin wire on its thermal 
transition curve [n]. They found that the resistance of a 
polycrystalline wire vanished at the transition point witWn 
0*03*’ (Fig. 8), whilst the resistance of a good single crystal wire 
vanished within 0*002® (Fig. 8). These authors showed also 



that the transition temperature of a tin single crystal is inde- 
pendent of the orientation of the tetragonal axis of the crystal 
with respect to the electric current. The ^haviour of a 
polycrystalline wire cannot therefore be explained as the 
sum of the different effects caused by random orientations. 
We may conclude from this that superconductivity is a dis- 
continuous phenomenon, and that the small temperature 
interval in which the phenomenon mostly takes place is caused 
by other circumstances, such as stresses ^tween the crystallites, 
etc. (Section II, § 2). 

S 6. McLennan, Burton, Pitt, and Wilhelm have investi- 

g ited superconductivity with alternating currents of high 
equency (12]. The principle of the method employedin 
these experunents was very ingenious (Fkf. 9). A resonance 
circuit has been constructed, consisting of a superconductive 
self-inductance and a condenser of the same material. 11]^ 
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rasonator was placed in a helium cryostat. High-iraquei^ 
currents were induced in this resonator by a generator outside 
the cryostat. The magnitude of the currents induced in the 
resonator was measured by the reaction on the generator 
oscillations. The indicator for this reaction was ^e mean 
plate current. A simple calculation shows that the variation 



in the plate current ^ip is inversely proportional to the alter- 
nating current resistance of the resonator : 

A' constant 
a/ R* + 

In this formula R is the ohmic resistance (corrected for skin 
effect, L the self-inductance, C the capacity of the condenser, 
and 61 the frequency of the induced oscillations. In case of 
resonance of generator and resonator 

A.. constant 

A,^ 

so that when the resonator circuit becomes superconductive, 
there must be found a large change of the plate current. In 
these experiments the Dewar flasks must remain unsilvered, be- 
cause tms metallic screen would disturb the whole phenomenon. 
In experiments with a tin resonator it was found tnat a current 
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of frequency of lo’/sec. lowered the transition point by o*i“. 
With tantalum and lead analogous results have been obtained. 

From these results McLennan has drawn the conclusion 
that polarisation and orientation effects play a prominent 
part in superconductivity. All these high-frequency measure* 
ments are, however, very difficult, and it is desirable that the 
results should be verified by other methods of measurement.* 

Section II : The Superconductivity of Alloys 

§ I. In general we can divide the homogeneous alloys into 
two groups : the group of the mixed crystals (or solid solutions) 
and that of the compounds. Though different metallurgists give 
different definitions of compounds and mixed crystals, we may 
say, in general, that in a compound there is a regular distribution 
of both kinds of atoms overa common lattice. If, on the contrary, 
the atoms of the two components are statistically distribute 
over the lattice, we will speak of a mixed crystal (or solid 
solution). If we have, for example, a solid solution of lo 
atoms of Cd in 90 of Hg, we have a Hg lattice in which 10 
per cent, of the Hg atoms are replaced by Cd atoms in a statis- 
tical way. We will now discuss the different possibilities separ- 
ately. 

(a) Solid solutions of two superconductors are super- 
conductive. For example, Meissner and his collaborators 
have investigated the system In-Pb [i 5]. The metallographic 
diagram of state shows that In and Pb form an uninterrupted 
series of mixed crystals (both elements have the same lattice 
and approximately the same lattice constant). Meissner 
found that the transition points of the different crystals change 
continuously with the composition. Analogous investigation 
has been made by this author with the systems Pb-Hg: 
In-Tl ; and Sn-Tl [16]. 

(b) Solid solutions of a superconductor in a non-super- 
conductor will in general not become superconductive, whilst 
they have the crystal lattice of the non-superconductor. 

(c) Solid solutions of a non-superconductor in a super- 
conductive metal. We can study the different results very 

* Mc Le wn an sad his collaborators [13} have investigated t*v* super- 
conductive state of a tantalum resistance when a direct and ahigh-frequm^ 
current were flowing simultaneously in the specimen. The experiments showed 
that in this case the transition temperature for both currents was the —Wj 
and that this temperature was determined by the ratio of the ina i rnitii,^,. of 
these currents. Silsbee, Scott, Cook, and Brickwedde [14] have measursd 
iiM iiifl.uence of hi^-frequency currents on the superconductivity of a tin win 
ki a direct way. ^y used frequencies to 10 * sec. and found the transitioa 
point to be the same as when measured with direct currents. The 
of these anthois was that their results are not necessarily ^Wh 

licLanaan's neasnnments. 
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weU by considering the work of de Haas and Voogd on the 
superconductivity of the eutectics of Sn andi Bi, Sn and Zia, 
and Sn and Cd [17]. These eutectics consist of two solid 
solutions, namely : a solid solution of each component in the 
other one. The solid solution of the superconductor in the 



non-superconductor will not become superconductive, but the 
other solution has the lattice of the superconductive component, 
though somewlmt disturbed by the atoms of the other compo- 
nent. This solution will become superconductive, but there 
are still two possibilities : the transition point of the pure 
superconductor may be lowered or raised by the non-super- 
oonductor. Fig. 10 shows the transition curves of the different 
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eutectics (and in our case of the solid solutions of the etements 
Bi, Zn, and Cd in Sn). We see that Bi raises the transition 
point, whereas Zn and Cd hinder the superconductivity of Sn. 
AnotW research has been made by de Haas and de Boer [tS]. 
They invest4;ated the influence of Cd (non-superconductor) 
on the superconductivity of Hg. The constitutional diagram 
of this system shows that Cd and Hg form a solid solution 



up to 6o atoms per cent. Cd. Crystals consistii^ of a solution 
of Cd in Hg, and therefore crystallised in the rhombohe^c 
Hg lattice, have been investigated. The result is shown in 
Fig. II. ^ From this we may conclude by extrapolation that 
pure Cd, if it could crystallise in the rhombohediic Hg lattice, 
would have a transition point above i® K. Measurwnents 
with the ordinary Cd have shown that it has a transition point 
Mow i“ K. This result shows again the great influence of 
the crystal lattice on the phenomenon of superconductivity. 

{d) Solid solutions of two non-supercondu^ors not 
become superconductive. 
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(«) In Leiden, Berlin, and Toronto a large number of 
superconductive compounds have been discovered. They 
consist of two superconductors (PbiTL, etc.), one supercon- 
ductor and another metal (Bi,Tlt), or two non-superconductive 
metals (AutBi) [19]. Especially this last case (cubic face 
centred lattice) is very interesting. 

Meissner discovered [20] the superconductivity of MoC, 
TaC, TiC, NbC, TiN, TaSi, i.e. of compounds of a supercon- 
ductive metal and non-metallic element. Among these, NbC 
has the highest known transition point : 10*1° K. 

Moreover, Meissner found the superconductivity of CuS, 
MoC, WC, VN, ZrN, ZrB, compounds consisting of two non- 
superconductors, one of which is non-metallic [21]. 

$ 2. With these results we can explain an interesting 
phenomenon : the influence of superconductive impurities on 
the resistance curve of a metal. Here we must discriminate 
between two cases : 

(a) The superconductive impurity does not form a solid 
solution with the metal. Between the crystallites we have, 
then, thin layers of superconductive impurities. As far as 
these layers form a united path, we have a short circuit 
through the metal at the transition temperature of the impurity. 
Here we have, however, a complication, because the current 
density in these thin layers is very high and the supercon- 
ductivity may be disturbed (Section I, § 2). These layers will 
lose their resistance only when the magnetic threshold value 
is higher than the magnetic field of the current through them. 
Where the layers are thick the current density is small and 
they will become superconductive at the transition point of 
the impurity. The thin places will become superconductive 
only at lower temperatures. We must also expect that below 
the transition point of the impurity the resistance disappears 
in a certain interval that is larger when the current used is larger. 

(b) The superconductive impurity forms a solid solution 
with the metal. During the crystallisation of the material 
concentration differences between the nucleus and the bound- 
aries of the several crystals arise. In general a greater concen- 
tration of impurities exists on the boundaries than in the 
nucleus of the crystallites. If the transition point of these 
solid solutions is higher than that of the pure metal, we may 
have short circuits through several boundary layers of the 
crystals. The influence of the current density is here the same 
as in the former case. 

An example of both effects is the resistance curve of phos- 
phor-bronze. Below 7*2* K. there is a large diminution of 
the resistance of this material. For that reason it is used as a 
secondary thermometer at the temperatures of liquid helium [22]. 
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These iacts show that a good characteristic for the homo- 
geneity of a mixed crystal or for the purity of a su^con- 
ductor is, that the discontinuous change in its resistance 
takes place very steeply, in some hundredths of a degree 
only. , . 

§ 3. Just as in the case of pure metals, the superconductivity 
of alloys may be disturbed by a magnetic field. There is only 
one essential difference : we can establish as a general rule that 
for superconductivity alloys the niagnetic threshold value 
increases more rapidly with decreasing temperature than in the 
case of pure metals. Fig. 1 2 shows graphically the dependence 



of the resistance on the magnetic field for Bi,Tl„ at different 
temperatures, whereas Fig. 1 3 is the graph of magnetic thresh- 
old value and temperature for BijTU and for Pb. 

Bi(Tl» becomes superconductive at 6*4® K., so that the 
direct determination of this point is rather difficult (it must 
be made in a vapour-cryostat). We can, however, find the 
point by extrapolating the curve in Fig. 13 towards the value 
h •“ o. The direct determination agrees very well with this 
extrapolation. 

As a remarkable case we may mention that a solid solution 
of 3$ per cent. Bi in Pb (transition point 8‘8® K.) is still super- 
conductive in a magnetic field of 21*150 gauss at i‘88“ K. 
Perhaps the low-temperature laboratories can use this material 
to obtain strong magnetic fields without any heat development 




a coil of this material must be immersed iu a cryostat with 
Ikjutd hel i u m at a temperature below 2^ K. 
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Section III : Relations between Superconductivity and 
OTHER Physical Phenomena 

$ 1. Kainerliiip:h Onnes and Tuyn [23] have investigated 
the superconductivity of lead botopes. Tney found the same 
transition point for ordinary lead and for uranlead. Because 
isotopes have the same electronic shelb and the conductivity 
b determined by the outer electrons, we can understand thu 
result. 

$ 2. Rdntgenographic experiments done by Kamerlingh 
Onnes and Keesom [24] concerning the crystal lattice of a 
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superconductor showed that the lattice does not change when 
the transition temperature is passed. 

§ 3. Kamerlingh Onnes [2 5] investigated the contact resbt* 
ance between two superconductors. He used the method of 
persbtent currents : the ends of a superconductive coil (Pb) 
were pressed together ; in this coil there could be induced 

r istent currents. From thb it follows that the resbtance of 
whole circuit, and therefore the contact resbtance between 
the ends, was zero. Meissner and Holm [26] have measured 
the contact resbtance between two different superconductors 
(Pb and Sn). They used the direct method of measuring 
resbtances and found that the contact resbtance became zero 
at tibe lowest transition point. Furthermore, it remained zero 
when the contacts were moved. The superconductivity of 

41 
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this contact resistance was disturbed in the ordinary way by 
great densities of the electric current. 

$ 4. De Haas and Kinoshita [27] have investigated in a 
very sensitive way the rkidity, or the torsion modulus, of 
Sn and Hg wires. They found no change in the rigidity bv 
passing the transition temperature of the wires. Because all 
elastic constants are connected in a simple way with each other, 
it is probable that other elastic constants also remain unchanged 
in going from the non-superconductive to the superconductive 
state. 

§ 5. The absorption of electronic rays by superconductive 
layer (Pb) has been investigated by McLennan [28]. He found 
no change in the absorption when passing the transition point. 



Meissner and Steiner [29] made experiments on the absorption 
of very slow electrons by a Sn layer. Even for these electrons 
there was no change in the absorption when the vanishing 
temperature was passed. n 

§ 6. McLennan has also investigated the possible variation 
of the photo-electric effect with temperature at low tempera- 
tures, particularly in the case of lead [30]. He concluded 
from his experiments that the photo-electric current does not 
show an abrupt change at the transition point. 

§ 7. As to the thermo-electric force of a superconductor 
against a non-superconductor or against another supercon- 
ductor two investigations exist : one of Meissner [31] and one 
of Borelius, Keesom, Johansson, and Linde [32]. Meissner 
investigated the couple Sn— Pb. He observed that this couple 
gives no thermo-electric force when both metals are in the 
superconductive state. Observations of the other investi- 
gators are not in contradiction with this result. Further, it 
must be mentioned that Borelius measured the thermo- 
electric forces for lead (to 17“ K.) and tin (to 4'8‘' K.) against 
A certain silver alloy (Fig. 14). The authors conclude that the 
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thermoelectric force ler degree (and hence the Thomson 
effect) changes rapidly in the neighbourhood of the transition 
point and is ve^ small in the superconductive state. A 
sudden change at the transition point has not been found, but 
the thermo>forces at these low temperatures are very small 
and therefore rather difficult to measure. 

§ 8. The thermal conductivity of superconductors has 
been invest^ated by de Haas and Bremmer [33]. The thermal 
resistance-curve of all the metals that have been investic^ted 
shows a minimum value that is displaced towards lower 
temperatures when the purity of the metals is increased. The 
thermal resistance curve of In shows a small sudden diminution 



of the thermal resistance at the transition point of this material 
(Fig. is). In the superconductive state the thermal resistance 
is affected by a magnetic field higher than the threshold value 
at that temperature. The magnetic field diminishes the thermal 
resistance of the m^al in the s^erconductive state. (The elec- 
trical resistance is increased.) The thermal resistance of super- 
conductive alloys (PbTli) shows analogous results. 

§ 9. Keesom and v.d. Ende [34] have investirated the 
specinc heat of tin. They concluded that the atomic heat of 
tm n^ 37® K. changes rapidly, so that just below 37* K, the 
atomic heat is larger than just above. New measuremoits 
have been made by Keesom and Kok [35]. The result is that 
between 370® K. and 372® K. the atomic heat of tin decreases 
from a value of 00078 to a value of 00054. The change of 
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the specific heat coincides also with the trai^ion of the metal 
to tM superconductive state. This conclusion is (»rroborated 
by the &ct that when the superconductive state is disturl^ 
by means of a magnetic field the sudden change in the specific 
heat disappears. 


In conclusion, I should like to thank Prof. Dr. W. J. de 
Haas for his kindness in looking over the text. 
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LOSCHMIDT'S NUMBER 

By S. E. VIRGO, M.Sc. 


Pkytia Dspartmsmt, UnivtniUy, Sk$ffM4 

Loschmidt's number, N, is defined as the number of atoms in a 

B am-atom or the number of molecules in a ^am«moIecule.» 

ore than eighty different experimental determinations of this 
numb^ have been made [i], and as it is a basic atomic constant 
its most probable value is of great importance in atomic 
physics. It is, therefore, the purpose of this article to outline 
the main methods by which Loschmidt’s number has been 
evaluated, and to give some indication of current opinions of its 
most probable value. 

Although as early as the seventeenth century Boyle had 
attempted to estimate the size of atoms, it was not until 1 865 
that the first successful attempt was made, by the Viennese 
physicist Loschmidt, to calculate the number which bears his 
name. This number is, by virtue of its definition, the same for 
atoms and molecules of all lands. Though molecules may vary 
in size, shape and mass, the number of molecules in a gram- 
molecule is a universal constant for all solids, liquids and gases, 
elements and compounds. 

Loschmidt’s method was based on the kinetic theory of gases, 
which had been developed with great success largely by the 
efforts of his contemporaries, Maxwell and Clausius. 

In the kinetic theory, the molecules of a gas are supposed to 

‘ This number is frequently referred to as *' Avogadro's Number," the 
term *' Loschmidt's Number " being then reserved for the number of mole- 
cules in a cubic centimetre of a gas under standard conditions. Unfortun- 
ately, these d e sig n ations are often interchanged. Avogadro's important 
hjmothesis on the identity of the numbers of molecules in equal volumes of 
dxSerent gases at ihe same fnessure and temperature was formulated in iSrt, 
and is aj^piopiiately associated with his name; but Avogadro rnaAr. qq 
quantitative estimate of either of the above-mentioned constants. The first 
actual estimate of the number of molecules in one cubic centimetre of a gas 
under sta n da r d conditions was made in r865 by Loschmidt, and from this the 
number of molecules (atoms) in a gram molecule (atom) was later evaluated. 
From the quantitative view-point it thus seems {umerable to speak of 
" L osch m i d t's number per graun-molecnle (atom)," »nd of " Loschmidt's 
number pm cubic centimetre," as is almost invariably done in the German 
sc i e n ti fic literature. This terminology avoids ambqpiity, and has been 
adopted ben. 
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be hard elastic spheres moving rapidly and unceasi^ly in all 
directions. When two molecules collide, a redistribution of 
energy takes place, and the molecules rebound in difiPerent 
directions with new velocities. The movements of individual 
particles are governed solely by chance, and from these assump- 
tions Maxwell was able to deduce that the viscosity of a gas is 
given by the relation : 

= . . . . (i) 

where p is the density of the gas, 

V is the average velocity of the molecules, 

and / is the mean free path, or average distance between two 
impacts. 

He was also able to show that if each molecule is a sphere of 
diameter c, then : 

.... (a) 

where N is Loschmidt’s number, and V is the gram-molecular 
volume. 

Since tj and p are known with accuracy, these two equations 
can be solved for Nor*, but to find either N or 0, one more equa- 
tion is still necessary. To obtain this, Loschmidt assumed that 
if a gas were condensed, its molecules would be very closely 
packed, so that the volume of the molecules in a gram-molecule 
could be regarded as approximately equal to the volume of the 
liquid formed on condensation. This gave the third equation 
for finding N. The result is really a lower limit for the value of 
N, because it is very doubtful whether the molecules of a liquid 
at ordinary temperatures can truly be regarded as small spheres 
in actual contact ; it is more probable that they possess some 
slight freedom of movement, which would make them seem to 
be slightly larger in volume. The most reliable data give, for 
mercury, N > 44 x lo**. 

Van der Waals' equation leads to a more exact relation 
between N and or, since the constant h in that equation is of the 
form : 

4=|tcN<t* .... (3) 

Prom this Perrin has found for mercury N = 62 x 10“, while 
Ghose has obtained the same number for helium. 

The hypotheses on which the kinetic theory rests render 
these calculations liable to considerable error, although the 
molecules of monatomic gases are most likely to approximate to 
perfect spheres, and thus give the most reliable results [z]. 
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Brownian Movement 

More direct methods of findmg N have been developed from 
the Brownian movement in liquids. The random movements of 
tiny particles suspended in a liquid strongly resemble the 
supposed movements of gas molecules in the kinetic theory. In 
fact the motion is due to impacts between the visible particles 
and the invisible molecules, and for feeble concentrations the 
pressure p exerted on the walls of the vessel by the particles 
obeys the gas law, if it is written in the form : 

. _RTc 
Nm 


where R is the gas constant per gram-molecule, 
c is the concentration in grams per c.c. 
and m is the mass of a particle. 


It follows, therefore, that the particles of a colloid in dilute 
suspension should exhibit in equilibrium a similar statistical 
distribution to the molecules of a perfect gas in equilibrium 
under its own weight. In other words, if n and n, are the 
numbers of particles present at any instant in equal areas of two 
horizontal layers in the liquid, one at a height h above the other, 
then : 


« = no« 




( 4 ) 


provided that n and n« are very large numbers. 

If measurements are made of the displacements which a 
number of uniform particles undergo in any given direction in 
a second, they will have widely dinning values, since they are 
subject to the laws of chance. _But, as Einstein showed in 190$, 
the mean square displacement a* will have a very definite value 
connected with the viscosity of the liquid v], and the radius of 
the particles a, by the relation : 

-iRT I . . 

^ ~ N ‘37tija (5) 

He also showed that if D be the coefficient of diffusion, 

• . . . ( 6 ) 

Each of these equations has been used to determine Loach* 
midt’s number. In 1^8, Perrin commenced a series of ex- 
haustive research^ with veiy uniform gamboTC emulsions, 
obtained by fractional centriniging. In succeemng years he 
varied the conditions of the experiment within wideUmitSi and 
in 191 1 he published the results of counting over 1 3,000 grains 
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at four different levels in a very uniform suspenaon. From 
equation (4) he obtained N » 68*3 x lo**. By measuring the 
displacements of 1,500 gamboge particles under a microscope, 
he also obtained from equation (5), N = 68*5 x lo**, in good 
a^preement with his other result ; but Brillouin, working under 
his direction, measured the diffusion coefficient of the granules, 
and his results give only N = 44 x 10“ [3], 

A number of other workers have performed similar re- 
searches. The most reliable experiments on vertical distribu- 
tion were performed by Westgren in 1914 [4] on the vertical 
distribution of extremely fine gold sols ; he obtained N 
(60‘S±‘2) X 10“ From Einstein’s displacement formula Sved- 
berg, also working with gold sob, obtained N = 60’8 x 10“ [5], 
while in 1923 Shaxby found N = 6o*8 x 10“ from uniform 
cultures of staphylococci [6]. 

Three or four workers have restricted themselves to examin- 
ing the movements of one particle only. When numerous 
particles are observed, no matter how nearly uniform the 
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emulsion, the radius a is necessarily a mean value ; but when a 
single particle is studied, the radius a is a definite quantity. 
Nordlund devised a method of recording on a photograpluc 
plate travelling in a horizontal direction, the position, at regffiar 
intervals of time, of a minute mercury particle falling in water. 
The photographs, one of which is shown in Fig. i , show beauti- 
fully the influence of both gravity and the Brownian move- 
ment ; and by comparing these two effects, Nordlund obtained 
N « S9*i X io“. 

The main diffusion results are : Svedberg, 58 x 10“ ; 
Westgren, 65*5 x 10“ (both observers used gold sols) ; and 
Shaxby, 59 x 10“ from the diffusion of cocci. 

Constantin has shown that more concentrated emulsions 
obey a distribution law based on van der Waals’ equation, and 
has thus obtained N =* 60 x io“. 

The Brownian movement has also been studied in gases. 
Einstein’s displacement formula has been applied to the move- 
ments of charged mercury globules falling in air by Fletcher £7], 
who obtained N *=» (6o*3±*3) x 10“ ; whue E. Semnid [8] found 
from similar experiments on selenium particles N « 59*3 x 10**. 

An ingenious variation has been recently devised by Kappler. 
When a tnin quartz fibre with a mirror attached to its lower end 
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is suspended in air at ordinary pressures, no marked movement 
of the mirror is noticeable. When, however, the pressure is 
reduced so that the effect of each individual air molecule im- 
pinging on the system plays its part, the mirror exhibits fre- 

S uent irregular oscillations, which can be detected by means of 
ght reflected from the mirror, and recorded on a photographic 
plate moving parallel to the axis of the wire. A typical plate is 
shown in Fig. 2. From the Brownian movement of quartz 
fibres, Kappler obtained N «= 60*5 x io*» [27]. 

Although, with the exception of Perrin’s work, the Brownian 
movement results are extremely consistent, the chief criticism 
seems to be that, since they all depend on measuring a statistical 

mean, they are all open to a probable error of ± where n 

is the number of observations taken. This means that in order 
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to obtain a result with a probable error within ± i per cent., at 
least 20,000 observations must be made j or to obtain a probable 
error of -i per cent., no less than 2 million readings are needed I 
This is quite irrespective of any other incidental errors. 

Fluctuations 

Loschmidt’s number has also been obtained by measuring 
other fluctuating quantities [9]. Density fluctuations, neces- 
sarily a molecular phenomenon, gave N = 60 x 10“ f^nstantin) ; 
critical opalescence yielded the value 75 x 10“ (Keesom and 
Onnes), and the critical miscibility of two liquids gave N ** 
77 X 10“ (FUrth) and N = 62-65 x 10“ (Zermke). These re- 
sults are liable to large errors, and from our point of view can 
only be regarded as confirming the order of magnitude of N. 

Linked with fluctuation phenomena is the explanation of the 
colour of the sky, which Rayleigh attributed to the scattering 
of the incident light by the individual air molecules in the 
atmosphere. 

If K is the intensity of the incident light of wavelength X, 
and E is the intensity of the beam scattered in a direction at 
right angles to the primary beam, then : 

E - E^-** .... 

where h «= 22*42 x io» x ~ . 


* ( 7 ) 

. ( 8 ) 
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In these equations, s is the total length of the path traversed 
by the beam between the two points where the intensity is 
measured, and (i is the refractive index of the medium. 

If the intensity is measured at regular intervals during the 
day, the corresponding values of s may be regarded as propor- 
tional to sec A, where A is the zenith distance of the sun. ^e 
experiment of course requires a pure atmosphere free from dust 
and water vapour. The ratio E/E* is generally obtained W 
means of a spectrophotometer. Dember fiol at Teneriflte 
found N •= 64 X io“, and Pacini [i i] obtained N =0 62 x 10”. 
Cabanes [12] studied the scattering of light in specially purified 
air and argon ; with the former he obtained 55 x 10“ and with 
the latter, 69 x io“. These experiments involve measuring 
photometrically a ratio of the order of 10 million : 1, a matter of 
no small difficulty ; they can hardly be regarded as leading to 
precise values of N. 

Fowle [13] has modified the method so that, instead of 
measuring E/E* directly, he correlates it with the quantity of 
water vapour present in the atmosphere, and then measures the 
atmospheric transmissibility. This process, though indirect, is 
very ingenious, and the result, which was obtained from readings 
taken over three years, was gfiven as N = (6o*6 ± *4) x io“. It 
is probably the most accurate value of Loschmidt’s number at 
present obtained by means of Rayleigh’s law. 


Radioactivity 

More direct methods have arisen from a study of radio- 
activity. It is well known that a-particles are doubly ionised 
helium atoms, and that only one a-particle is emitted from any 
one atom in the transformation of a radioactive substance. 
Radioactive decay is therefore a process in which the behaviour 
of single atoms may be studied, and the observer who counts 
a-particles emitted duri^ the decay of a radioactive substance is 
actually counting individual atoms. 

All the radioactive methods of finding Loschmidt’s number 
depend on a value of Z, the number of a-particles emitted per 
second by i gram of radium. Z was first measured in 1908 
by Rutherford and Geiger, who allowed a-particles from a 
standardised radium-C preparation to pass down a tube about 
450 cm. long, through a mica window, and excentrically into a 
cylindrical vessel with a central insulated wire electrode. This 
wire was connected to a quadrant electrometer, while the outer 
case was raised to a high negative potential. When the gas 
pressure in the counter was reduced to 2 or 3 cm. of mercury, 
W influence of each a-particle entering it was magnified by 
ionisation by collision with the molecules of the residual gas. 



640 SCIENCE PROGRESS 

Thtu entry of each «>particle into the ofunter produced a 
ballistic deflection of the electrometer. By counting tm 
deflections produced by a radioactive preparation of Imown 
strength, Rutherford and Gei^ found Z 3*4 x 10**. In 
1918, Hess and Lawson [14I u»ng a greatly improved counto^, 
ob^ned Z=«3'72 x lo". More recently, in 1919, Ward, Wsmn- 
Williams and Cave [i 5] designed a modification of the apparatus 
in which the ions produced by the a-particles were collected on a 
disc connected to the grid of the first valve of a five- valve circuit. 
The impulses could then be detected by means of a loud- 
speaker or recorded on a photographic film and counted at 
leisure. From a count of 92,000 particles they concluded that 
Z am 3<66 X 10*. 

Rutherford and Geiger also devised a means of measuring 
the charge transported by the a-particles. If the charge 
earned per second by the a-particles emitted from i gram of 
radium is Q, since each a-particle is a doubly ionised helium 
atom : 



where 4 is the electronic charge. 

The most recent and probably the most reliable value of Z 
by this method was published by Braddick and Cave in 1928 

[16] . By assuming Millikan's value of e, they obtained 

Z »=» 3*69 X io“. 

The mean of the results of Hess and Lawson, Ward, \^lliam8 
and Cave, and Braddick and Cave is Z=! 3*69 x io“,and although 
for several years physicists seemed generally inclined to favour 
a lower value, 3*4 x io“, it now seems probable that the higher 
value caimot be far fi-om the truth. 

To obtain N, however, more information is necessary. N 
could be found if we knew the volume V of helium in c.c8. at 
N.T.P. produced by i gram of radium per second, for then : 

N « 2a*42 X lo* X y * , • (9) 

Now the determination of V is a matter of extreme diiS« 
culty. The volume of helium given off by i gram of radium in 
equilibrium with its decay i)roducts is about 1 50 mm.* per ytu, 
but u it is not usually possible to work with more than a smaU 
fraction of a gram of raaiumi the volume actually collected in an 
experiment is considerably less. A greater source of trouble is 
the p^ played by occlusion by the walls of the tube. Dewar 

[17] observed the growth of helium from two radium prepara* 
UonS| one experiment continuing for six weeks^ and the other 
for two months* The method involved observing the increase 
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in the gas pressure due to the helium generated in an apparatus 
of known volume, and applying Boyle’s law. His mean value 
was V 0*48 mm.*, so that N =■ 60 x 10**. Boltvrood and 
Rutherford [1 8] performed similar experiments ; their mean 
result gives V =« 0*43 mm.*, from which N =* 66 x 10**. These 
numb^s can hardly be regarded as accurate to more than the 
first significant figure. 

A second radioactive method of finding Loschmidt’s number 
arises from combining Z with X, the decay constant of radium. 
X has been found by Ellen Gleditsch from a careful study of the 
decay of four ionium preparations as 4*14 x 10"* year”*. 
gives N «« 63*5 X lo**. 

The third radioactive method of finding N depends on the 
volume Vf of i curie of radon at N.T.P. If K is the decay 
constant of radon, then : 

7 

N •* 22*43 X 10* X . . . (10) 

Xr is known with a fair degree of accuracy as 0*192 day~*, but 
the determination of Vr is again not an easy matter. The most 
reliable method was designed by Wertenstein, who measured the 
change in pressure in the apparatus due to purified radon from 
a standardised radium preparation by means of a decrement 
gauge. His result, Vr as 6*39 x lo"* c.c., leads to a value of 
N»i6i*6 X lo**, which is probably as reliable as any hitherto 
obtained by a radioactive method. But neither Z nor Vr is 
known so precisely that the resulting value of Loschmidt's 
number can be regarded as having a probable mar of much less 
than 1 or a per cent. 

Mor* Accurate Methods of Finding Loschmidt’s Number 

It is intoresting at this stage to review our position. Losch- 
midt's number has been determined by stud3ring widely different 
phenomena, and there is remarkable agreement between the 
results. Indeed all the methods indicate a number in the 
region of N » 61-62 x 10**. But none of the methods we 
have yet discussed can be regarded as a precision method, 
mainly because in each case the argument turns at some stage 
on estimating a statistical avo'age, which to be accuratdy 
calculated needs a very large numW of observations. The 
most direct of these methods are undoubtedly based on the 
E^wnian movement, and a mean of the results of Ncu'dlund, 
Svedberg, Shaxby, Westgren, Schmid, and Fletcher (giving 
equal weight to each observer), leads to N = 60*0 x to**, 
ou|^t to be very near the true value of Loschmidt's 
number. 

It seems {vobable that the most exact value of Loschmidt’s 
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number is to be obtained by some method which does not depend 
on the measurement of a fluctuating quantity, the individual 
values of which are distributed pmely by chance. Four 
methods which satisfy this condition have been devised. 

The oldest is based on the relation of Faraday's constant to 
the electronic diarge. When in 1833 Faraday formulated his 
famous laws of electrolysis, he gave to the world the first 
indication of the atomic nature of electricity ; for by his laws a 
gram-atom of every substance is always associated with the 
same quantity of electricity (or at least, a small inteCTal 
multiple of the quantity associated with each monovalent 
element), whence each atom must always bear the same ele- 
mentary charge e, or some simple multiple of it. In other 
words : 

Ne = F 

where F is Faraday’s constant, or 9649*1 ±*i international em.u. 

The history of the various methods of finding e, from 
Townsend's pioneer work (« = 3 x 10“** es.u. : N = ^ x 10”), 
through Thomson’s modification and Wilson’s improvements, 
up to the classical work of Millikan, is too well known to be 
repeated here. 

In 1917 Millikan gave the final results of his exi>eriments as 
e =« 4*774 X io”“ es.u. and N = (60*62 ± *06) x 10**. His ex- 
periments show remarkable consistency ; for several years his 
work was examined for flaws by some of the keenest brains in 
Europe, and it has withstood every adverse criticism. Every 
link seemed substantiated by experimental evidence, and for 
over ten years Millikan’s 1917 value of N was accepted by 
physicists as the best obtained at that time. In 1929, however, 
Birge [20] showed that a small correction was necessary, as 
Faraday’s constant is given in international coulombs (based on 
the definition of an ampere as that quantity of electricity which, 
under standard conditions, will deposit 0*00111827 grams of 
silver per second), and Millikan’s p.d. was read on a voltmeter 
calibrated in international volts. Now although the inter- 
national units were originally intended to be exactly equal to the 
corresponding absolute units, and indeed seemed so when they 
were defined, more recent work has shown that there are, in 
some cases, slight discrepancies ; for instance .* 

1 international coulomb s (0*99995 d: ‘00005) absolute 

coulombs 

and 1 international volt as (1*00046 ± *00005) absolute 

volts. 

These differences are slight enough, but they have changed 
Millikan’s value to N (60*64 ± *06) x lo”. 
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Birge recalculated e by using Millikan's reading^ and 
weighting them differently. The result is practically identical 
with MiUikan’s, and undoubtedly Millikan's value must be 
considered among the most reliable determinations of Losch- 
midt's number. 

It is not generally known that other experiments of this 
type have been performed [21]. In 1914 Lee found N * 
^’8 X io“, using Millikan's apparatus, whereas in Switzerland 
in 1913, Schidlof and Mile. Murzynowska, working with a 
smaller condenser and a p.d. of only 100 volts (compared with 
Millikan’s 3,000 volts) found e — 4*738 x io~“ and N = 
61 • I X io“. Schidlof and Karpowicz obtained in 1915 e *=s 
4*82 X 10”” and N = 6o*o x 10“ while in the same year 
Targonski obtained e — 4*68 x io~“, giving N = 61*9 x lo**. 
Though not so 
exact as Milli- 
kan’s, these re- 
sults are in good 
agreement with 
his and strongly 
enhance his value. 

Indeed a mean 
(unweighted) of all 
balanced droplet 
results gives N = 

^•85 X 10“ which 
is within one-third 
per cent, of Milli- 
kan’s estimate. 

The second method, which is independent of fluctuation 
phenomena, was devised by du Nolly [22^, who made a careful 
study of the surface tension of dilute solutions of sodium oleate. 
His results are shown graphically in Fig. 3. The dotted curve 
was obtained by measuring the surface tension directly after 
preparing the solutions. The continuous curve was obtained 
from observations taken after the solutions had been allowed to 
stand for two hours. This curve exhibits three well-defined 
minima, which can only indicate unimie arrangements of the 
molecules of the dissolved substance. It is well wown that the 
dissolved molecules in very dilute solutions tend to form a mono- 
molecular layer covering the whole surface of the liquid. Du 
NoUy supposes that if the concentration were so adjusted that in 
a given sample eUl the dissolved molecules were adsorbed in the 
surface layer, then the surface energy would be a minimum, and 
would giverisetoacorrespondingmimmumin the surface tension. 

There are three possible methods of packing the molecules in 
* Rq»oduced by kind permisBion of the PkUosophicai Magatim. 
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the surface layer, the thickness of the layer corresponding to the 
length, breadth, and height of the molecule respectively. 
(Stoictly speaking, the terms " length,” “ breadth,” and 
” height ” can hardly be applied to molecules, which are 
probably very irregular in shape ; but here we are considering 
not the actual molecules, but the space they occupy when sym- 
metrically packed with othws.) 


Let p s density of the dissolved substance, 

A « area of the adsorption surface, 

V « volume of the solution under examination, 
and li ss thickness of the adsorbed layer corresponding to the 
first minimum on the surface tension curve, the 
concentration being then c, 

Vr 

Then the total volume of adsorbed substance ~ AL — — » 

V. “ 

Hence/. . . . . (u) 

Similarly for the other two minima : 

Hence the number of molecules per c.c. = \r^~ 

V’CiCjCj 


and if M = molecular weight of the adsorbed substance. 


N = 


A»Mp* 

V'ciCjCg 


( 13 ) 


For sodium oleate, du NoUy found N = (60*04 ± * 09 ) x 10“ 
The principle of the method is extremely simple. The diief 
critiasm seems to be that there is at present no evidence to 
justify the assumption that aU the dissolved molecules are 
adsorbed in the suitace. If this is not true, the calculated value 
of N is probably lower than the true value. At present du 
Nohy’s work is unique, but the simplicity of the method mnk***^ 
it probable that, in the future, it will lead to very accurate 
values of N. 

The most recent experimental values of Loschmidt’s number 
rest on the discovery by Doan and Compton that X-ray wave- 
lengths may be determined directly by means of ruled diffrac- 
tion gratings. Before this discovery, all X-ray spectroscopy 
was based on the reflexion of X-rajre at crystal surfaces, first 
observed by Sir W. H. and W. L. Brag». They showed that 
reflexion takes place when the experimental arrangements 
satii^ the relation : 

nX « 3 (/. sin 6 
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where X is the wavelength of the incident beam, 

d is the glancing angle (the complement of the angle of 
incidence in optics), 

and d is the lattice constant of the crystal. 

A more exact form of the relation takes into account the refrac- 
tion of the X-rays at the oystal surface. This is : 

nX = 2d. sin e (i - ‘r-ig) . . (14) 

where (i is the index of refraction. 

Equation (14) connects X and d. To determine either 
quantity one more equation is necessary. This involves Losch- 
midt’s number, for in rock salt of molecular weight M and 
density p : 



Actually, for accurate work, rock salt has been superseded 
by calcite, and the correspK>nding equation is : 



where K is the number of molecules in an elementary unit of the 
crystal and p is a quantity which depends on the slope of the 
crystal faces. 

Until recently all X-ray wavelength measurements were 
based on equations (14) and (15) and an arbitrary value of N ; 
Millikan’s was generally selected. But if an X-ray wavelength 
could be found by an independent experiment, Loschmidt’s 
number could then be calculated. 

Doan and Compton’s discovery that X-rays can be dif- 
fracted by ruled gratings allows us to do this. The principle is 
the same as in the ^ifraction of visible radiation, although of 
course a photographic method has to be used. The angles to be 
measured are very small (only a few minutes of arc), so that the 
problem is now one of measuring small angles with a high degree 
of accuracy. 

Two lines of attack have been devised. It is possible either 
to work in air with short wavelet^hs of i or aA, or in vacMo 
with longer wavelengths of lo-aoA. The former method gives 
smaller angular separation of the diffracted beam, but has the 
advantage of easier adjustment. Both methods have been 
used, the former by Doan and Compton (N = 6o*6o x io“), 
Wadlund (N = 60*60 x 10"), and Bearden [23], whose work was 
very thorough and painstaking. His result, N = (60*19 ± os) 
X lo**, is rather lower than Imllikan’S) and it seems difficult to 
attribute the discrepancy entirely to experimental errors. 

4 * 
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Long-wave e3q>eriments have been performed by Bftcklin 
(6 o*34 X io“), Howe (6o*i9 x lo"), and Cork (6o*o6 x io“), 
thoi^h it is doubtful whether any of these can be regarded as 
having the same accuracy as Bearden’s work. 

Relations between e, N, and h 

In 1929, W. N. Bond [24] devised an ingenious method of 
calculating e (and hence N) from the various methods of finding 
Planck’s constant h. There is no experiment by which h can be 
found without assuming an arbitrary value of e, but in all the 
various experiments from which Planck’s constant has been 
found, the final calculation is based on an equation of the form : 

h = Ac* .... (i6) 

where A is an experimentally determined quantity, and n is an 
index which may be either i, 4/3, or 5/3, Any two sets of 
experimental data involving different values of n could be 
solved for h and e (N being obtained through Faraday’s con- 
stant). This is essentially what Planck did in 1902 when he 
founa N by combining his radiation formula with Stefan’s law. 
Bond has generalised the principle, and by solving 36 sensibly 
independent sets of experimental results gathered from widely 
different branches of physics, he has obtained the value, 
N = (6 o *54 ± *03) X 10“ Birge, while accepting the principle, 
has questioned the choice of data ; he has made a very thorough 
recalculation with carefully chosen sets of results, and has 
obtained N = (60*62 ± *03) x 10“ [25]. 

Conclusion 

In reviewing the methods of finding Loschmidt’s number, 
we cannot fail to be impressed by their great variety and the 
remarkable agreement among their results. But to decide on 
the most probable value is a matter of considerable difficulty, 
for while there can be little doubt about the first two figures, 
only three methods can reasonably be expected to give the 
third with reasonable precision. These are the balanced drop 
method, the X-ray method, and Bond’s method. 

The discrepancy between Bond’s and Birge ’s results shows 
how important is the selection of data for this calculation. 
Birge ’s figure is, however, in very close agreement with Milli- 
kan’s value, although the X-ray value is slightly lower. 

The X-ray value has been the subject of much discussion. 
At one time it was suggested that possibly Millikan’s result 
was too high, owing to some unsusp>ected source of error. But 
the dose agreement with Birge ’s calculation makes that now 
almost impossible. It was also suggested that Bragg’s theory 
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of crystal structure perhaps only represented a first approxima- 
tion to the true form, and that really some kind of secondary 
structure superimposed on it. But Bearden has recently 
redetermined N by a dispersion method based on an elaborate 
expression for the refi-active index of quartz in terms of the 

wavelength of the incident X-radiation and— ( i *761 x io» em.u.). 

fH 

The result is almost identical with Millikan’s value, and appears 
to indicate that the optical theory of gratings is inexact when 
applied to X-rays. The question is, however, by no means 
settled. 

On the other hand, no flaws have been detected either in the 
theory or the execution of Millikan’s experiment, and the close 
agreement of his value with that calculated by Birge is strongly 
in favom of the most probable value of Loschmidt’s numb^ 
being at the present time : 

N = (60*62 ± *03) X io“. 

In conclusion, I wish to express my sincere gratitude to 
Prof. S. R. Milner, F.R.S., and Dr. R. W. Lawson for their 
guidance and encouragement while the material for this article 
was being collected. 
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CoLLSCTKD Values of Loschmidt’s Kunaift 


Method. 

Obeerver. 

Reioarks 

B 


Kinetic theory of 

Perrin 

Minimum value 

1909 

44 

Vm*** der w*ali* 

equation 

Perrin 

From data for 
argon 

1909 

62 

Theory of liquids 

G. jager 

From mercury 

m 

fix '2 

Vertical distribution 
of colloids in dilute 
solution 

Perrin 

Perrin 

Perrin and Dabrowski 
Perrin and BJerrum 
Westgien 

Gamboge 

Gamboge 

Mastic 

In glycerine 

Gold sols 

1908 

1911 

X909 

X911 

1914 

70-5 

fi8-2 

70 

72 

fio'fi ± *3 

Dhitxibution in con- 
centrated suspen- 
sions 

Constantin 

Gamboge 

I9U 

60 

Brownian movement 
of translation in 
liquids 

Perrin 

Svedberg 

Zai^ger and Bohi 

V. Ettenreich 

Frsibram 

Nordlund 

Seelis 

Shaxby 

Gamboae 

Gold sols 

Mercury drops 
Mercury 

Mercury 

Mercury 

Cinnobar 

Staphylococcus 

X911 

19x1 

X911 

19x2 

X912 

19*4 

*9*4 

1923 

68-8 

62 

61 

72 

62'3 

59** 

72 

6o*8 

Brownian movement 
of rotation 

Perrin 

Gamboge 


65 

Brownian movement 
of quarts fibres 

Kappler 

— 

*93* 

6 o -39 

Diffusion 

Einstein 

Svedberg 

Brillouin 

Shaxby 

Sugar solution 

I Mercury sols 
Gamlx^e 
Staphylococcus 

1906 

X9XX 

1912 

1935 

T 

44 

59 

Fluctuations . 

Constantin 

Keesom and Onnes 
Furth 

Zemike 

Opalescence 
iMiscibihty of / 
/ two liquids \ 

1914 

X911 

19x5 

*9*5 

60 

75 

77 

62-65 

Rayleigh's law 

Sella (and Kelvin) 

Bauer and Moulin 
Dember 

Pacini 

Fowle 

Cabanes 

1 Skylight I 

Argon 

X902 

*9x0 

19x6 1 

*9*5 

*9*4 

X930 

39-'*50 

45-75 

fi4 

63 

60*6 

69 

Faraday's constant 
(early methods) 

Townsend 

J. J. Thomson 

— 

*898 

*903 

tl 

Faraday's constant 
and Wilson's meth- 
od of finding s 

H. A. Wilson 

Lattey 

Alexejew and Malikow 
Millikan and Begeman 
Begeman 

— 

*903 

*909 

*909 

19x0 

X9X0 

ll 

64 

63 

63 

MiUlhan's method 
of finding § 

Millikan 

MiUikaa 

Millikan 

Lee 

lihida 

Schidlof and 
Murx^owtka 
Schidlof and Karpowics 
Targonski 

Recalculated 
/ Recalculated by \ 
1 Birge i 

Shells drops 
Mercury drops 
Mercury drops 

Mercury drops 
Mercury drops 

*9*7 

1930 

1929 

*9*4 

1923 

*9*3 

>9*4 

1915 

60*62 db *06 
60*64 ± *06 

60*64 db *06 
6o*8 

60*64 ± *7 
6x*l 

60*0 
fix *9 
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Method. 

Observer. 

Remarks. 

Date. 

Kxxo*“" 

RouE*t mathod 

Roux 

— 

m 

69 

Brownian movement 

Fletcher 

\ MilHkan*s / 

igii 

57-5 

in gases 

Fletcher 

/ apparatus 1 

1914 

6 o»3 db »*2 


£. Schmid 

— 

1920 

59*3 

Production of helium 

Dewar 


1910 

60 

from radium 

Doltwood and Ruther* 


19x1 

66 


ford 





Debieme 


1914 

68-7 

Half-value period 

Boltwood 

► 3*6^ X loio ^ 

1908 

76 

of radium 

Meyer and Schweidler 


19*3 

656 


Keetman 


1909 

68-3 


Ellen Gleditsch 


1919 

63.5 

Volume of i curie of 

Wertenstein 


1928 

61 -6 

radon 





Thin alma 

du Nouy 


1924 

6004 

X-ray wavelengths 

Doan and Compton 



1924 

6o-6 

by grating 

Thibaud 

— 

1926 

6o*6 


Hunt 

— 

1927 

57 

1 

B&cklin 

— 

1928 

60-34 ± *19 


Wadlund 


X928 

60*60 ± *09 


Howe 

— 

1930 

60*19 


Bearden 

Recalculated by 

1929 

60*14 ± *026 



A. H. Compton 




Cork 


1930 

60‘06 


Bearden 

— 

*931 

60*19 d: *03 


























RECENT DEVELOPMENTS IN THE TECH- 
NIQUE OF THE ABSORPTION SPECTRO- 
GRAPHY OF LIQUIDS 

By A. HARVEY. Ph.D., B.Sc. 

The absorption spectra of liquids have long been of interest to 
biochemists and workers in related fields, but it is only within 
the last two or three decades that any very considerable 
advances have been made in this subject. Hartley [i], it is 
true, as early as 1879 showed that when properly handled the 
technique then available could yield valuable results, and he 
did striking work in determining the constitution of organic 
compounds for which ordinary methods of chemical analysis 
were not applicable. It is essentially correct, however, to state 
that most of the work done before the beginning of the present 
century (forming a considerable mass of literature) may be 
dismissed as valueless. This is due to the fact that the earlier 
observations of absorption were not quantitative, save for a 
few very important exceptions in the visual regi on . In observa- 
tions of this type factors such as the variation with wavelength 
of (a) the intensity of the source, (b) the sensitivity of the photo- 
graphic plate, and (c) the dispersion of the instrument, must be 
carefully allowed for, else very erroneous interpretations may 
be given to the spectrograms obtained ; for example, the 
apparent maximum of absorption may be in a position quite 
different from that of the actual maximum. Kayser [2], as 
late as 1908, drew attention to the unsatisfactory nature of the 
work being done owing to neglect of such precautions. 

Soon after this the subject received a considerable impetus 
from the introduction of the Sector Photometer by Twyman 
in 1913. This instrument was based upon a principle &st 
employed by Henri [3], and its use rendered possible accurate 
absorption spectrophotometry throughout the whole of the 
visible and ultra-violet regions. The arrangement is as follows. 

Two beams of light proceeding from the same source reach 
the spectrograph slit after having passed, in the one case, 
through a rotating sector of fixed aperture and, in the other, 
through a rotating sector whose aperture is variable from one 
exposure to another. The beam passing through the fixed 
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aperture also passes through a tube of known length containing 
the substance under examination. The varying absorption of 
this substance with wavelength will obviously have the eflfect 
of diminishing the intensity of the beam by var3dng amounts 
for dilFerent regions of the spectrum. The intensity of the other 
beam, as has already been indicated, can be altered by varying 
the aperture of the sector. Finally, by means of a suitable 
optical system the two beams are brought together (side by 
side) on the photographic plate. Examination of the plate 
will show that at one or more points the two spectra are of the 
same intensity, and from this it will be evident that for the 
wavelengths where the spectra match the optical density of 
the column of liquid is the same as that of the sector. A 
number of photographs are taken (a usual number is fifteen) 
with varying densities in the comparison beam, and from the 
data thus accumulated a density/wavelength curve is built 
up. Since the length of the absorption tube is accurately 
known, such a curve is readily converted into one of extinction 
coefficients/wavelengths. 

A number of criticisms have been urged against this method, 
the most serious one being that the introduction of inter- 
mittency into the beams involves the making of certain assump- 
tions about the nature of the photographic plate which do not 
meet with general acceptance. It is well known that an 
exposure given in instalments does not produce the same black- 
ening of the photographic plate as does a continuous exposure 
of the same intensity with the same total dmation. Also, reci- 
procity of time and intensity does not exist, that is to say that 
exposures for which the product of intensity and time is con- 
stant do not give equal blackenings on the plate unless the 
intensities are the same. In the case of the sector photometer 
it is assumed that these two factors cancel out. A very con- 
siderable mass of literature has risen up around these two 
phenomena of the photographic plate, and extraordinary con- 
tradictions are to be found in this. The latest work on the 
subject by O’Brien [4] confirms the original assumption upon 
which the instrument was put forward, that the two effects do 
cancel out. However, quite apart from the investigation of 
the characteristics of the photographic plate per se, a number 
of searching examinations have been made in which the results 
obtained by the sector photometer have been compared with 
those given by instruments of a totally different type (such as 
the Judd Lewis photometer, vide infra) in which intermittency 
does not enter, and also -with instruments where the photo- 
graphic plate is not used, and the recording is done by means 
of the eye or a photo-electric cell. Such examinations have 
been made by Baly, Morton and Riding [5] in England and by 
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Gibson and others Td] in America. These examinations, and 
various other unpublished ones made by the manufacturers, 
have shown that the results given by this instrument are 
identical with those given by instruments in which inter- 
mittency does not figure. 

The point just discussed was the most serious objection 
made to the sector photometer, but a number of other features 
were also criticised, some of these being matters of design 
whilst others — such as the fact that the interposition of a 
rotating sector must perforce cut the available intensity to one- 
half — are inherent in the principle adopted. The Judd Lewis 
photometer was introduced in 1919 to overcome the objection 
to intermittency mentioned above. In this latter instrument 
the apertures through which the two beams pass are closed by 
quadrantal-shaped pieces of metal, and the optical density of 
the apertures depends upon the extent to which the quadrants 
are turned. The main drawback to this instrument is that the 
mechanism for varying the apertures is costly to make if it is 
desired to reach any high accuracy. A modified form of this 
photometer has now been perfected in which the variable 
aperture is simply a rectangle whose area is accurately con- 
trollable by means of a micrometer screw, whilst the speed is 
about double that of the Judd Lewis photometer. This new 
photometer, however, has already been described in these pages 
(see Science Progress, p. 504, January 1933), and all that 
remains to be added here is that in spite of the developments 
we are about to describe, this modified model (the Spekker 
photometer) is the instrument to be used whenever the mghest 
accuracy is desired. Particularly is this so when liquids of low 
optical density are under examination. 

All of the methods so far described must be regarded as 
being fairly laborious and time-taking. With the sector photo- 
meter, for instance, the time occupied in the taking of the 
ten or fifteen spectrograms necessary for the drawing of the 
absorption curve is generally of the order of 30 to 40 minutes. 
Even with the Spekker photometer the same data requires 
IS to 30 minutes for its accumulation. It is true that this 
time may be reduced by taking some of the photographs — 
those for the regions of high extinction coefficients — ^using 
lesser thicknesses of liquid, but the limit of advantage of such 
procedure is soon reached, necessitating as it does the filling 
and placing in position of fresh cells. Hence any method 
which would cut down considerably the time involved would be 
extremely welcome from the point of view of the labour saved. 
Quite apart from this, however, is the fact that if the substance 
under examination is one which changes rapidly upon irradia- 
tion, then the data obtained from exposures extenffing over 
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even 15 minutes may be completely meanii^less. In other 
words, if a method could be developed whereby the exposures 
extended over not more than i nunute, say, then a new field 
would be opened up for investigation. 

Several attempts upon this problem have been made within 
the last year or so, and one of these attempts has been success- 
fully developed up to the point where the necessary apparatus 
is now obtainable. We shall deal with this development first. 
The essential ideas were put forward in a paper by Twyman, 
Spencer and Harvey [7], and these have been further developed 
in a paper by Twyman [8]. Ihiefly, the variation in density — 
which in the earlier methods was obtained by discontinuously 
varying the density in the comparison beam and taking a photo- 
graph of the spectrum for each density employed — is trans- 
ferred to the substance under examination by placing the latter 
in a wedge, or similarly shaped recess. A spectrogram taken 
with such a cell in front of the spectrograph slit would yield the 
familiar “ wedge spectrum ” such as was first employed for 
photographic purposes by Mees and Wratten [9]. A modifica- 
tion is introduced, however, in that a series of interruptions are 
imposed in the vertical direction so that a series of spectra are 
obtained each of which has passed through a different thickness 
of liquid. The intermediate spaces are filled in (during the same 
exposure) by a similar set of spectra obtained from the same 
light source, but with the difference that in this second set of 
sp>ectra the radiation has not been subject to absorption by the 
liquid at all, but has been reduced in intensity by a known 
amount. This second set of spectra is obtained by passing 
a beam through a second cell containing the solvent (employed 
in making up the solution) and also through a rotating sector. 

The cells employed are shown in the plate (A) and their 
construction is illustrated in Fig. i . They are made from fused 
silica and, by placing the various surfaces into optical contact 
and then raising the cell to a high temperature, are welded into 
single solid pieces without the use of any cement. It will be 
noticed that the recuses containing the liquids are stepped — by 
this means the deviation and dispersion which would result 
owing to the beams entering the liquid at an angle (that of the 
wedge) are eliminated. The cell which is to contain the liquid 
under examination is notched at the one end whilst the com- 
parison cell is quite plain. 

The manner of using the cells will be clear from Fig. 2 . 
The notched cell, containing the liquid whose absorption curve 
we wish to study, is placed nearest to the slit of the spectro- 
graph. A beam of light from the source R is collimated by the 
lens C, strikes the first indined face of the rhomb, and from there 
is reflected through the liquid to the opposite face. From there 
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the beam is reflected into the slit of the spectrograph, but only 
from that area of the face in which notches have not been 
ground ; this constitutes the interruption in the vertical 
direction already mentioned. The second or comparison cell 
(Fg) is placed farther from the slit, but it behaves in a similar 
manner except that, since there are no notches ground in this 
cell, the whole of the beam is reflected towards the slit. Before 



FlO. X. — Diagram of 
tlia notched echelon 
cell. 


Fio. 8.— Diagram of cells In taomt, 
withaector. 


hif Uni pmUuimtfik$ Pkfy$iulSntt0fy,) 


reaching the slit, however, the first cell interferes with this 
beam, and only that part of the beam rassing through the 
notches of the first cell reaches the slit. The beam from this 
comparison cell F* has also to pass through the rotating sector, 
and by this means the reduction of a known amount is imposed 
upon it. The set-up of the apparatus is shown at (B) on the 
plate, whilst the spectrogram obtained by a single exposure 
through such a wt-up is shown at (C). It is essential at this 
point to emphasise that the spectrogram shown is obtained by 



Notched cell 

rL\TE A. 


i^lain cell. 






Pl\lE C. 
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means of a nngle exposure lasting less than a minute, that it 
is equivalent (as regards the information it A^ill yield) to ten 
exposures with any other type of spectrophotometer, and that 
these ten equivalent exposures would probably take at least 
30 minutes to obtain. A further noteworthy feature of the 
method is its economy as regards the amount of solution 
required — ^the capacity of each cell being only 0*4 c.c. 

Once the spectrogram is obtained the procedure is exactly 
the same as with, for instance, the sector photometer. The 



Pia. 3. — Absoiptkm curve of anthracene in alcohol plotted from 
q^ectogram ahown (Plate C)« 

points of equal intensity in each pair of spectra are noted, and, 
since the reduction in intensity of the comparison beam due 
to the rotating sector is accurately known, the density of each 
individual column of liquid is obtained. Knowing the density 
of a column of known lenjgth, the extinction coefficient for the 
wavelength in question is immediately deducible, and the curve 
of extinction coefficient against wavelength can be drawn. 
Fig. 3 is the curve obtained from the spectrogram reproduced. 

Miller [10] has also attempted to devise a method whereby 
the necessity for taking a large number of separate photographs 
is obviated, and he has succeeded in cutting down the number 
of exposinvs to two. A source of light casts an image upon the 
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spectrograph slit by means of an achromatic lens. Between 
the slit and the spherical lens are introduced two cylindrical 
lenses, the axis of the lens in each case being horizontal. One 



Fio. 4a. 

of these cylindrical lenses is placed close to the slit and acts 
as a field lens to prevent light being lost in passing through the 
spectrograph. Thejother cylindrical lens produces an image of 



a diaphragm (such as that shown in Fig. 4a) on the slit. This 
dia^agm is placed dose to the slit side of the spherical lens. 

The result of using such an optical system is that on the 
photographic plate there will appear a series of spectra, one 
far each aperture m the diaphragm, and the intenuty of each 
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spectrum will be proportional to the length of the corresponding 
aperture. Thus the intensity of the spectrum corresponding to 
the strip 11 will be proportional to the length 11, and since 11, 
33> SSt all equal in len|^h, it follows that the spectra 

corresponding to these strips will be equal in intensity. The 
intermediate areas will show diminishing intensities, however, 
iat>portional to the lengths 22, 66, etc. Behind this dia- 

phragm can be placed a second diaphragm (46) whose openings 
are identical in size and position with those 01 the 1 1, 33, etc., 
openings of the first aperture. 

Two spectrograms are now taken. The first is through a 
dummy cell containing, say, the solvent employed. The two 
diaphragms are so arranged that light only passes through the 
spaces 22, 44, etc. The spectra registered on the plate are thus 
each reduced in intensity to an extent of which the varying 
lengths 22, 44, etc., are a measure. Obviously this is equiva- 
lent to passing each of the beams through a known densitjr. A 
second exposure is then made with a cell containing the liquid 
under study in the beam and with the apertures in the second 
diaphra^ opposite the u, 33, etc., apertures of the first one. 

Consideration will show that the final photograph, although 
it resembles both that given by the sector photometer and that 
by the notched echelon cell, is only really comparable to the 
sector photometer type. The echelon cell possesses the advan- 
tage that the matching between pairs of spectra in any one 
composite spectrogram always takes place at the same intendty, 
that of the beam passing through the rotating sector. This is 
a decided advant^e in that it involves all the matchings ” 
taking place under identical conditions on the same region of 
the characteristic curve of the photographic plate employed. 
Neither the photometer just described nor the sector photo- 
meter possesses this advantage ; every match point in the series 
of comparisons is observed at a different point of the charac- 
tmstic curve, and errors may well creep in here. A further 
disadvantage is that the exposure required is that necessary 
to obtain a satisfact<nry blacKening of the photo^aphic plate 
with the full lei^h of liquid (which is constant) in the region 
of highest extinction coefficient ; whereas in the echelon cell 
the photograph of the region of high extinction coefficient is 
taken through the shortest length of uquid, this latter procedure 
obviously being preferable when speed is in question. 

A much more serious disadvantt^, however, is the fact 
that the absorption and comparison spectra are not obtained 
simultaneously, and that it is necessary to assume that the two 
separate exposures are identical. Very serious errors may be 
incurred here due to fluctuations in the light source, this being 
pMticularly the case where short exposures are in question. 
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It is not known whether Miller’s photometa has actu^y 
got past the suggestion sti^ as yet, but it is of interest as being 
quite a distinct Tine of approach to the problem. 

O’Brien [i i] has also suggested another line of attack which, 
so far as may be judged from the few details available, does not 
suffer from the disadvantage that two independent exposures 
are necessary ; as with the notched echelon cell a single exposme 
gives the composite spectrogram from which the absorption 
curve of the substance in question is plotted. A toothed mirror 
is set up in front of the spectrograph slit and two beams from 
the same source of light are brought to the slit, one beam after 
passage through the spaces between the teeth, the other beam 
after reflection from the teeth themselves. The first beam is 
acted upon by a logarithmic sector (see Science Progress, 
p. 393, October 1933), so that the intensity of the image along 
the sUt varies. The second beam passes through a column of 
the liquid under examination. Again, a composite spectrogram 
is obtained which is comparable to that obtained with the sector 
photometer, and which is not truly comparable to the echelon 
cell spectrogram for the same reason as was cited against Miller’s 
scheme. 

The use of a mirror for the diverting of one beam is a very 
serious flaw in the scheme,since the reflecting powerof any mirror 
varies with the wavelength. This, however, could be overcome 
by the substitution for the mirror of a Lummer-Brodhun cube. 

Sufficient has been said to show that the problem of the rapid 
determination of the absorption data of liquids is engaging 
a considerable amount of attention, and that already one 
successful solution has been obtained. The problem is of 
undoubted importance, since any method which will permit of 
absorption data being obtained almost instantaneously -will 
render possible the study of substances whose constitution is 
changing rapidly, and would make it possible to follow the 
course of many reactions. Such an achievement should be of 
great use in the study of biological and similar fluids. 
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SIR JOHN LESLIE (1766-1832) 

By H. G. WAYLING. M.Sc. 

The late Andrew Carnegie is reported to have said that the best 
thing that can happen to a Sottish boy is to be born poor. 
Certain it is that the subject of this sketch was not handicapped 
at his birth with a load of this world’s riches. He was born at 
the fishing town of Largo in Fifeshire, where Alexander Selkirk, 
the prototype of Robinson Crusoe, also first saw the light. 
Leslie's father was a carpento* and John was the youi^st of 
the family. His early education he received in his native town, 
with supplementary help in mathematics from an elder brother. 
It appears that Leslie’s exceptional abilities showed themselves 
prematurely, and evidences of his mental achievements were 
brought to the notice of Prof. John Robison, of Edinburgh 
University, who before his removal from Glasgow had been an 
admiring ^end of James Watt. At Robison's suggestion it 
was urged upon the Leslie family to strain their slender resources 
and send John to St. Andrews University, that being the near- 
est and least expensive when travel and lodgings were taken 
into account. So, in his thirteenth year, the future natural 
philosopher became an undergraduate, hoping, by sustained 
application to his studies, to repay some day the sacrifice his 
parents were making to give him an academic training. For- 
tunately the struggle ceased after his first term. The Chancel- 
lor of the University, the eighth Earl of Kinnoull, became 
acquainted with the youthful prodigy, and volunteered to pay 
the boy’s expenses provided that he gave an. undertaking to 
enter the Church at the end of his college career. As the future 
for John was as yet undefined, one calling was as good as 
another when the immediate prospects were so favourable. 
Consequently it was decided that as a theological student he 
should stay at St. Andrews for five years. 

It is doubtful whether Leslie evo* felt himself divinely called 
for the profession earmarked by his patron, since, when he left 
" the royal and ancient city ” for further study at Edinbu^h 
University, and came in contact with the experimental teadiing 
then boominff at the Scottish capital, he realised that his natural 
bent inclined more to science than to divinity. As the Earl 
of Kinnoull died during Leslie’s studentship at Edinburgh, he 
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felt under no obligation further to continue his preparation fat 
the ministry, and decided to concentrate \^o1[ly on natural 
philosophy. This step may have been hastened ^ his oom- 
panionship with a fellow student, James Ivory, with whom he 
shared rooms. Ivory’s theorem peipetuates the name of a 
mathematical genius, and the Royal Society of London added 
distinction to its author by awarding him a Royal medal in 1814 
for " Various Mathematical Contributions to the Philosophical 
Transactions.” With such a brilliant acquaintance, L^lie’s 
own talent was stimulated and developed and, later on, while 
he occupied the Chair of Mathematics at Edinburgh, Ivory was 
professor of the same subject at Marlow Royal Ei^neering 
College. Before he finished his student days, Lwlie was 
becoming a person of some note. He directed the studies of a 
nephew of Adam Smith and also made the acquaintance of Tom 
Wedgwood, the youngest son of the famous potter. Wedg- 
wood had gone to Edinburgh to join his elder brother Josiah, 
to whom the northern capital was as much a resort of pleasure 
as a place of learning. Leslie and Tom — ^who was the younger 
of the two by five years — corresponded at intervals after they 
left the University in 1 787 ; Wedgwood enjoying the amenities 
of the countryside at his father’s mansion, Etruria Hall, Stafford-'* 
shire, while Leslie was working at a precarious livelihood as 
coach and scribe. Between 1788 and 1790, he accepted a post 
as tutor to an American who had studied at Edinburgh, and 
left Scotland to reside in Vii^nia. His opinion of the New 
World probably coincided with that of Priestley. Where one 
had looked for dvic toleration in the land of liberty, only a 
spurious substitute was to be found, for when Tom Wedgwood 
contemplated a voyage to America in ?793, Leslie dissuaded 
his friend fi'om embarking on such an impropitious holiday. 
On his return from America, Leslie lived in London for a while. 
He wrote articles for the Monthly Review and compiled notes 
on the Bible for a publication edited by a Dr. Thompson. So 
far Fortune had not been immoderately kind to the aspiring 
scholar ; but now she was to lead his steps into pleasant {daces, 
and for a time it was to be ” roses, roses all the way.” 

A call came from Tom Wedgwood, whose fondness for 
sdence had every encouragement in his father’s private 
laboratory. This young and rather frail philosopher suggested 
to his father that Leslie should come to Etruria as tutor to 
himself and his brother Josiah. What an ideal {Hro{)Osition and 
what fruitful {a-osiiects ! The indulgent father agreed, and 
Leslie, overjoyed at such an unex{>ected turn of good fortune, 
took up his duties as guide, philosopher, and friend on the best 
M terms with his pupils and himself. From 1790 to 1792 the 
Wedgwood housenold became engaged in more experiments 



SIK JOHN 1.KSUIE 

I rum Joi dan’s \al%onal Vorirait ituUcry of the A inetetnih Leniury tFishcrJ. 





66i 


SIR JOHN LESLIE 

than ever, '^e head of the family had published several papers 
on topics allied to the pottery indusl^ in the Philosophical 
Transactions of ths Royal Society, and the disposition for research 
in high'temperature ceramics descended from father to son. 
Before Leslie left Etruria, Tom Wedgvrood had sent a com- 
munication to the Royal Society, entitled " On Emission of 
Light from Heated Bodies.** No doubt the Scottish tutor 
ydtnessed these labours, even if he did not actually participate 
in them. In this research, silver cylinders, one blackened and 
the other polished, were fixed in the ends of earthenware 
tubes and roasted intensely together in a crucible. The 
darkened rod began to shine a considerable time before the 
polished one and remained somewhat brighter throughout the 
firing. When, however, th^ were partially withdrawn from 
the furnace a reversal of luminosity occurred, and the blackened 
cylinder turned the duller. Wedgwood in further investiga- 
tions used blackened and polished canisters. It is therefore not 
beyond the real^ of possibility that these results set Leslie 
pondering, and his own classical researches in radiant heat took 
their origin in Wedg^wood’s experimental workshop. While pupils 
were busy with their crucibles, Leslie was writing on Theories 
of Electricity. He demonstrated that a heated thermometer 
cools quicker when electrified than when in a neutral state, 
since streams of electrified air from the former would carry 
away heat the more rapidly. 

Another side of his busy mind found occupation in this 
rural retreat. He translated for a London boolueller Buffon's 
massive work on the History of Birds, for which he was suffi- 
ciently well remunerated to pursue at Largo his researches on 
radiant heat after he had left the service of the Wedgwoods. 
His departure from Staffordshire was not in the nature of a 
dismissal. The indifferent health of Tom Wedgwodd was 
always a matter of concern to the family and, in the hopes of 
effecting some amelioration of his ill health, a voyage to America 
was contemplated. In order also that all means might be taken 
to obtain as complete rest as possible and to be free and un- 
fettered in his search for convalescence, Tom severed his partner- 
ship with the firm. Instead, however, of crossing the Atlantic, 
Wedgwood took Leslie with him to Holland. From now 
onwards, the two companions indulged in foreign travel until 
Tom died in 1805. Thenceforward, Leslie generally included 
a visit to the Continent in each year's itinerary. This complete 
change of scene must have reacted favourably on Leslie’s 
occupation of author and tutor in his native county, precarious 
though it might have been. As early as 1787, when only 
twenty-one years old, he had shown proof of his maturer 
mathematical powers in an article, “On the Resolution of 
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Intermediate Problems,” which Prof. Playfair communicated 
to the Royal Sodety of Edinburgh. The professor was proud 
of his young pupil, as events afterwards showed, for, when 
Pla3rfair vacated his chair of mathematics, he ardently sup- 
ported Leslie’s candidature for the post, which led in no small 
measure to the desired appointment. Playfair’s status as 
mathematidan, author, ana lecturer was of an international 
character. He served on a national committee with Wollaston, 
when the length of the second’s pendulum was fixed in terms of 
the standard yard ; and his reputation as an author of choice 
and lucid prose was so renowned that, according to his collateral 
namesake, Dr. Lyon Playfair, the professor hardly ever ventured 
to make a speech in public for fear of damaging his literary 
fame by any accidental departure from his pdfect linguistic 
style. 

Among Playfair’s English acquaintances was the Rev. 
Nevil Maskelyne, the Astronomer Royal, who entertained the 
Scottish professor whenever change of scene or sdentific busi- 
ness brought him to London. Their friendship began in 1 774, 
when Maskelyne was estimating the relative density of the 
earth by observing deviations of the plumb-line near Schiehal- 
lion in Perthshire. Partly to satisfy curiosity and partly to 
welcome the English astronomer during his sojourn in Scotland, 
Playfair and other local scientists paid their compliments to 
Maskelyne and even shared occasionally in his labours. 

Therefore whenever a brother Scot desired letters of intro- 
duction to the scientific society of London, Playfair usually 
appealed to Maskelyne to act as host and cicerone. In 1794 
Leslie came to London as Maskelyne ’s guest, and dined at the 
Crown and Anchor in the Strand at one of the monthly dinners 
of the Royal ^ciety Club. Thirteen years later, when Professor 
of Mathematics at Edinburgh University, he enjoyed the same 
hospitality, with David Brewster as his companion. He was 
roving abroad again in 1796 with Tom Wedgwood. The good 
companions travelled through Germany and Switzerland and 
met Thomas Young at Gottingen, where the English prodigy 
was then a student. The trio explored the Harz together, and 
from; this chance meeting. Young seemed thereafter to follow 
L^lie’s researches and publications with the interested if 
slightly critical eye of a reviewer. Leslie during this trip took 
the temperature of spnrings and wells to see if the readings 
represpted the mean temperature of latitude at difiFerent 
elevations above sea-level. His observations were found to be 
generally in accordance vdth what he had theoretically antid- 

S ited. It was about this time that Tom Wedgwood granted 
s needy friend an annuity of £150, to be increased in the 
event of Leslie marrying. The gift was made with the aim of 
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putting him in a position to continue workii^ at physical science 
unhampered by anxiety as to his daily bread. 

Leslie was now thirty years old. He had been pursuing his 
experimental enquiries, but had not got any post suitable to 
his powers, or any other prospect of making a regular income. 
His friend was solicitous that the gift should “ materially 
increase the sum total of Leslie’s philosophical product.” 
Such generosity naturally received most cordial thanks, which 
the recipient expressed in a letter of ornate magniloquence. 
Thus assured of a fair competence, the befriended Scot wrote 
and laboured with such vigour, that at the ti^n of the century 
he had planned and nearly completed a scientific superstructure 
of substantial proportions. With age and success came daring. 
Leslie the bachelor, who worked as he willed and played when 
he pleased, was not without his amorous adventures. His stay 
at Etruria, in a household whose family included three charming 
and cultured young ladies, had set his heart beating and his 
imaginative mind aspiring that some day his love-dreams 
might be realised. Now, with increased years and courage, he 
commissioned Cupid to speed a trial shaft. From Islington he 
wrote a letter to young Wedgwood in which he tentatively 
enquired whether he could hope for the hand of one of Tom’s 
sisters. The reply gave him no hope or encouragement and the 
matter was never referred to again. 

This unsuccessful love affair, however, did not abate his 
ardour for scientific pursuits. Two years after, in 1802, he 
published the first correct explanation of the cause of the rise 
of a liquid in a tube, by considering the effect of the attraction 
of the solid vessel on the very thin stratum of fluid in contact 
with it. When his friend James Ivory wrote in the Encyclo- 
pedia Britannica on the subject of Elevation of Liquids in 
Tubes, he said, ” Reckoning from the present time to specula- 
tions of the Florentine Academicians, the formula of La Place 
and the remarks of Professor Leslie are the only approach that 
have been made to a sound physical account of the phenom- 
enon.” These remarks did not please Thomas Young’s 
biographer, who asserted that Young had attained the same 
results by resorting to no hypotheses respecting molecular 
fOTces but such as were required to produce the mutual actions 
of the solid and fluid upon each other and to account for the 
uniform tension of the envelope of the fluid without which the 
equilibrium could not be maintained. 

In 1 802 also, Leslie gave a preliminary advertisement of one of 
his discoveries in radiant heat, namely, that the amount of heat 
emitted from a hot vessel depended upon the nature of the sur- 
face of the receptacle. He went further and said that the 
transmitsion took place by pulsations in the ambient air, 
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propagated with the velocity of sound. These in^ductturj^ 
statements were followed in 1804 by the publication of ins 
maraum opus entitled Th* Exp^rimmUU Enquiry into th$ Naiuro 
and Propagation of Heat. The volume was dedicated to Tom 
Wedgwood. It embodied the results of the investigations the 
aimmty afforded him to carry on for seven years at his home 
in Fifeshire. The purpose of his scientific enquiries was to 
discover the properties of what is termed radiant heat ; to 
examine the heat derived from the irradiation of the sun and 
to explain its distribution ” by the vehicle of atmospheric 
commerce ovar the surface of the globe " ; and finally, to un- 
fold the mutual affections of air and moisture and exhibit the 
results of his hygrometer so that he might prepare a solid 
foundation for a system of meteorology. The book was illus- 
trated by Wilson Lowry, a skilled line engraver well known to 
Fellows of the Royal Society and to members of the Royal 
Institution in Albemarle Street. The book caused something 
of a stir. The originality of his experiments and their surprising 
results stamped lum as a worthy compeer with his other illus- 
trious countrymen — Cullen, Black, and Watt. The Royal 
Society of London promptly awarded him the Rumfoitl medal, 
the intrinsic value of which was fifty guineas, and so placed 
him second in the line of descent to Count Rumford himsdf. 
the original donor and pioneer investigator into the nature of 
heat. 

Thomas Young — ^who ever after the discouraging and 
erroneous estimate set by certain Scottish critics on his experi- 
mental enquiries into the undulatory theory of light and who 
may have been chary of placing too favourable an assessment on 
scientific discoveries made north of the border — considered that 
Leslie's researches on radiation would have been more fruitful 
had he been less dogmatic in upholding Newton’s teacldng. 
This was probably fair comment. Leslie was a fervent admu^ 
of the Prtncipia, as we may infer from the fact that this master- 
piece was usually one of the prizes awarded to the most meri- 
torious students of his Natural Philosophy class. At times he 
was not v^ good at theorising, and formed artificial and faulty 
theories to explain facts, and he was occasionally sceptical of the 
genuineness of other men’s discoveries, as he refused to recognise 
william Herschel’s discovery of radiations less refrangible than 
red light, and discounted the results obtained by Wells in his 
experimental operations on the formation of dew. 

Now for a few words about the apparatus he employed in 
hb laborato^. As is fairly common knowledge, they are his 
cube, his differential thermometer, and his concave mirrors. 
The fom* vertical faces of the canister were severidly of a differ- 
ent superficial nature, for, as he discovered, the character of the 
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surface affected the quantity of heat, and of cold, emitted. 
His mirrors like his cans were of tinned iron, made in sections 
by hammering them into shaj^ over wooden blocks. They 
were often parabolic and sufficientl}r j^werful to ignite cloth 
and wood at the focus. However, it is the differential tho** 
mometer that Leslie exploited to the full. If he did not invent it 
— an honour ascribed to Stiumius and Altdorf — ^yet, with 
practically the same essential parts, he employed it, first as a 
nygrometer, then as a pyroscope, a photometer and sdbse- 
quently as an aethrioscope. In his hands it was a veritable 
old man of the sea. Tms differential thermometer, as most 
physicists know it, consists of a length of capillary tubing bent 
into the form of the letter U. It contains a thread of some 
liquid and has hollow spheres sealed on to the upper ends, so 
as to possess a continuous bore from bulb to bulb. Leslie 
covered one of these spheres with a moist cloth coat and used 
the thermometer in this state to estimate the relative humidity 
of the room or enclosure in which the hygrometer was placed. 
It was when the instrument was put under the receiver of an 
air-pump that he discovered what intense cooling effects the 
evacuation of the bell jar produced ; in fact, the hygrometer led 
him ultimately to devise a method of obtaining ice by artificial 
refrigeration, a result that will be referred to later on. 

So much for his hygrometer. With its moist cloak removed, 
it became his differential thermometer. With this he per- 
formed a multitude of experiments on radiant heat, by putting 
one bulb at the focus of a mirror. Again, with one of the glass 
globes blackened he christened the instrument a photometer and 
studied the effect of the sun’s rays on it at different hours of the 
day. Alternatively, bv covering one sphere only with silver 
leaf, he adjudged the relative power of heat rays from his kitchen 
fire at vanous distances from the source of heat, since the metal- 
clothed ball reflected the warmth and only the naked one ab- 
sorbed it. After this one would imagine that he had reached 
the last of the permutations that could be played on this 
instrument. But, no. In 1817 he invented another modifi- 
cation which will be described subsequently and which he 
designated an sethrioscope. Returning now to the researches 
themselves, not only did ne fill his cube with hot water, but also 
with a freesing noixture ; placing, as was customary, one bulb 
of the differential thermometer at the focus of the mirror. 
As he now obtained excessive chilling effects, he concluded that 
cold had as real an objc^ve existence as heat ; and was similarly 
propagated by pulsations through the intervening air. This 
notion that cold, like heat, was a quantitative entity was 
accepted fairly geaerally in lus generation, and Leslie’s results 
aiqpoMred to confirm such an assumption. By intercepting 
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glass and metal scsreens between cube and mirror, he discovered 
that metals guard the detector bulb from heat or cold more 
effectively tmin glass. While he was privately investigating 
the properties of radiant heat at Largo, Prof. Charles Hope 
was pulmcly performing experiments at Edinburgh University 
in v^ch he demonstrated how it was possible to fmd the 
temperature at which water was at its maximum density, and 
that not at zero as might have been surmised. It is of some 
interest to note how the subject of heat has been developed and 
extended by Scottish investigators. We have mentioned 
Cullen, Black and Watt, Leslie and Hope. But George 
Fordyce, Adair Crawford, William Ritchie and William Wells 
in England were contemporary pioneers in their several ways, 
while John Rutherford, Forbes, Qerk Maxwell and Lord 
Kelvin were all explorers in the domains of thermal phenomena. 

The year following the publication of his classical volume, 
he was appointed Professor of Mathematics at Edinburgh, in 
succession to Playfair, who had been installed in the Chair of 
Natural Philosophy. Brewster's name was also mentioned as a 
possible rival but not very seriously. An academical contest 
for the post, however, did take place which split the city into 
two camps. The lay population mainly championed the daims 
of Leslie, while the Church rallied to the standard of a challenger 
named the Rev. Dr. Macknight. The reason for the clerical 
opposition arose from the fact that Leslie in his recent book 
had spoken of the unsophisticated notions of mankind about the 
relations of cause and effect. In this and other remarks the 
ministers of the Established Church saw the insidious wcu'kings 
of David Hume's gospel of freethought. Playfair's vacant 
chair might soon Income the rostrum for promulgating in- 
fidelity camouflaged under the guise of mathematics. The 
contest kept Edinburgh exdted for several weeks. From pulpit 
and printing press contending arguments flowed copiously forth. 
Playfair wrote an open letter to advocate Leslie's suitability for 
the position. Under the pseudonym of " A Calm Observer ” 
David Brewster issued a pamphlet apparently aiding and 
abetting the ecdesiastical party, but which on closer reading 
resolved itself into facetious leg-pulling which set the dty 
tittering. The Town, as we know, won the day, and on Marcn 
12, 1805, Leslie was appointed joint Professor of Mathematics 
with Ifr. Adam Ferguson, who had been Playfair's senior 
colleague. Assured now of a secure livelihood, he took matters 
more leisurely ; for not until 1809 did he publish any other 
notable effort and then he issued his EUmmts of (hotmby, 
Qmmirical Analysis and Plane Trigonometry. 

His love of experimentation found exmession again, the 
next year, through further fondling of hia hygrometer, vmicb, 
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as we have remarked previously, was the forerunner of the 
differential thermometer. In this case he succeeded in freeaing 
water artificially. The remarkable amount of cooling whi(m 
accompanies rapid evaporation under a vessel exhausted of air 
was known to earlier experimenters like Nairne and Smeaton, 
but to Leslie is due the credit of absorbing the superincumbent 
vapour almost as soon as it is produced, thereby rendering 
the change of ph3rsical state more expeditious and more re* 
frigerative. He placed a saucer of strong vitriolic acid as a 
companion to a cup of water under the bell-jar of his exhausting 
engine, and by this means obtained the first sample of ice made 
at will artifiaally. Soon afterwards, air pumps were working 
overtime at the newly discovered process of refrigeration. Of 
course this revelation of another of Nature’s secrets established 
his reputation as an experimentalist of premier rank. Wollas- 
ton in London modified the method of producing ice by the 
invention of his cryophorus. This is shaped somewhat on the 
lines of Leslie’s differential thermometer, the bulbs being at 
each end of a straight glass tube. It is not so automatic as its 
prototype, as an external freezing mixture is essential to bring 
about congelation inside the instrument. 

From ijg 6 up to the year 1812, Leslie must have felt 
financially contented. He had a professional remuneration as 
well as an annuity from the Wedgwood family, which had been 
generously continued seven years after the death of their 
youngest son. He was still a bachelor, enjoying his continental 
visits from year to year, and during session time freely mixii^ 
in the b^t society of Edinburgh. Contemporaneous with his 
publication of the art of making ice, he composed a work on the 
Geometry of Curve Lines. Being now able to measure his 
mental stature against any other professional personality of the 
north, his sovereignty in the realm of radiant heat may have 
inclined him to discount the labours of othem who appeared 
to be intruding on his preserve. Already it has been stated, 
he discredited the dUcoveries of Herschel on infra-red rays. 
Another instance of his disbelief cropped up again in 1814 when 
Dr. Wells published an account of his investigations on the 
formation of dew, with accompanying infd'ences on his practic^ 
observations. Wells came of Scottish parents and was bom in 
South Cuolina. He received part of his education at Edinburgh 
University and part in London. His expeiiments were con- 
ducted mostly in the suburbs of the metropolis, but a few of 
them were pmormed at his lodgings in Fleet Street. A mural 
tablet to bis memoij is in St. Bride's Church, close to Ludgate 
Circus. His investigations were thoroughly done and most of 
bis oondustons are still accepted. Ihe Royal Society recog- 
nised his contribution to the science of heat by awaroung him 
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the Ramford medal as it had done ten years earlier in Leslie’s 
case. 

It was proved by Wells that dew formed locally on those 
substances which became cooler than the surrounding air and 
that ground temp^atures were often much below those pre- 
vailing a few feet higher up. Leslie rejected these explanations 
and affirmed that a continual darting of cold particles from an 
ari^ sky by day and by night caused the deposition of devw 
moisture. This theory was in keeping with his own experi- 
mental results from which he formulated that his cold canister 
shot out its chilling pulses into the focal bulb of the differential 
thermometer. Wells, in refuting this assumption that cold 
pulsations from the higher strata of the atmosphere descend, 
pointed out that if this were the case, " a less cold ought to be 
found on a clear still night in the lower than in the higher 
strata, which is contrary to the uniform observations of Pictet 
and Six." How enamoured of a scientific achievement an in- 
vestigator may become is well illustrated in Leslie’s devotion 
to his differential comparator. His discoveries with its aid 
had brought him eminence in his particular profession. It was 
natural then that he would visualise its usefulness in some form 
or other wherever he looked. It is said that ^th Archimedes and 
John Bernoulli desired their respective spirals to be cut on their 
tombstones, to testify to their mathematical discoveries ; while 
it is a fact that Rowlands of Johns Hopkins University was 
buned beneath his dividing engine. If Leslie had ever ex- 
pressed a desire to be posthumously remembered, his differ- 
ential thermometer would surely have figured on his gravestone 
or accompanied him to his last resting-place. 

Under the name of ^thrioscope he modified his favourite 
apparatus, giving it three distinrt forms called respectively 
erect, sectoral, and pendent. Briefly, mirrors partly encom- 
passed the bulbs instead of being used apart. These instru- 
ments he found so sensitive that the liquid index rose and fell 
with every pacing cloud. In reviewing his main line of re- 
search, it IS evident that Nature’s skin was more interesting to 
him than her solid flesh. He explained the rise of a liquid in a 
narrow tube by focusing his attention on the contiguous films 
of solid and fluid. Was it not the rapid evaporation at tlwi 
surface of a liquid that achieved the transformation of water 
into ice ? Nature like Beauty is skin deep. Further, he could 
fundamentally change the radiating powers of a solid simply 

painting, TOlishing, or powdering its surface. In the open 
air, ploughed land and meadow, sandy beach or rocky drag * 
were just experimental areas on the bosom of Mother Earth that 
variously moved the liquid lymph in the gland of his differential 
pulsometer. To him it was the moon% veil rather her 
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volcanic subsoil that gave fair Cynthia her silver beauty. 
The light reflected from our satellite owes its splendour to the 
nature of its superficial vesture, which he declared was phos> 
phorescent like the Bologna stone. During his stay in Paris in 
1 814 he told Arago his conjectures, which drew from the Drench 
savant the interesting comment that moonbeams must be 
reflected sunlight since they contain polarised rays. Behold, 
then, another tribute to the wonder-working properties trf a 
surface. It should be observed that most of his experimental 
labours in Natural Philosophy were carried out while he was 
Professor of Mathematics. Occasionally he lectured for 
Pla}rfair when the latter was engaged on Royal Commissions or 
was in ill health, and a deputy for the Natural Philosophy 
classes was required. 

Thus it seems that experimental enquiry was his chief 
predilection. Never for very long did he set aside his scientific 
instruments, and his beloved hygrometer seemed always in his 
thoughts. An interesting return to his first love occurred in 
1817, when this instrument was reconditioned again for 
research. He found it was possible to obtain very low temper- 
atures as before, induced by the rapid evaporation of water, 
but in this instance promoted by the presence of certain desic- 
cated powders and not by oil of vitriol, as in previous experi- 
ences. The power of most fibrous material and of crumbled 
-solids to become damp and absorb moisture inordinately is a 
matter of common knowledge. A fortune has been made by 
manufacturing a table salt that keeps permanently dry, and 
another might possibly be amassed if bedclothes that needed 
no airing could be woven. Leslie collected some " shivery ” 
fragments of porphyritic " trap ” that littered a local pathway, 
and first mnding them and then thoroughly roasting them 
before his mtchen fire, he droppied the dry particles into a clean 
wine decanter and quickly replaced the stoppCT. Hurrying 
from home to college with ms newly prepared desiccating agent 
— Playfair was away in Italy at Ihe time and Leslie was depu- 
tidng for him — ^he placed the unsealed decanter and a dish of 
water under the bell-jar of his air pump and had the satisfaction 
of demonstrating to ms expectant pupils how ice could be made 
in this novel way. 

When Playfair died in 1819 there was only one person who 
could rightly claim to be his successor, and that of course 
was John L^lie, and for a second time the mantle of Playfrdr 
fell on him. A further honour came unsolicited in 1820 when 
he was elected a correspondi^ member of the Institute of 
France, a compliment of whiw he was pardonably proud. 
IjesUe md not succeed very well as a lecturer, possibly b^use 
he assumed too high a mental standard on the p^ of his 
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Auditors, as Thomas Young at the Ro]^ Institution had done. 
As a manipulator, however, he was smiled and resourceful, his 
class giving him more support for what he p^ormed thw 
for what he eapounded. Mrs. Mai^ Somerville in her Memoirs 
has given as dear a portrait of hra as anyone. She writM : 

We became acquainted with Prof. Leslie and liked Mm. 
He was a man of original genius, full of information on a variety 
of subjects, agreeable in conversation and good natured, but 
with a singular vanity as to personal appearance. Though one 
of the coarsest-looking men I ever knew, he talked so much of 

f olidi and refinement that it tempted Mr. William Clerk (who 
y the way was in the same family tree as Qerk Maxwell) to 
make a very clever clay model of his ungainly figure. The 
professor’s hair was grey and he dyed it with sometMng that 
made it purple, and as at that time the art was not brought 
to its present perfection, the operation was tedious and only 
employed at intervals, so that the professor’s hair was often 
white at the roots and dark purple at the extremities. He was 
alwa3rs falling in love and made me Ms decoy duck, inviting me 
to see some experiments, wMch he performed dexterously ; at 
the same time telling me to bring as many young ladies as I 
chose. He was unfortunate in Ms aspirations and remained a 
bachelor to the end of his life.” 

Among those whom he hoped would flatter Mm by their 
presence was charming Miss Kerr, the daughter and heiress of 
Charles Kerr, Esquire, of Kelso, who was possessed of a con- 
siderable fortune. Rumour said that Playfair also was a can- 
didate far the hand of tMs fascinating young lady, who, however, 
as the widow Mrs. Apreece, married Sir Humphry Davy. 

After Ms appointment to the Chair of Natural PMiosophy, 
there was only one incident nf note that (fisturbed the even 
tenor of Ms way. The form of Ms latest invention, the 
Kthrioscope, had been anticipated by Wollaston, who had 
described its construction and sensitivity to Biot. The f^rench- 
man published an account of the instrument in the journal 
wMch he edited, and although Leslie denied all knowledge of 
Wollaston’s priority, certain insinuations of plagiarism streamed 
into circulation. The matter came to a head in iSas, when 
Blackwood's Magasine openly charged Mm with daiming other 
men’s inventions as Ms own. I^lie instituted proce^ngs 
against the proprietors for tMs libel and obtained a verMct cA 
£100 damages. 

From now onwards he appears to have rested on Ms oars. 
He had completed Ms jubilee, attained an exalted position in 
Ms profession and just taught or travelled as duty or convales- 
cence demanded. James David Forbm, who was a youthful 
member of Ms dass, said, *' Leslie, though now somewhat past 
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his prime, still gave instruction in Natural Philosophy at 
Edinburgh University/' This was the class in which was 
handled all those subjects on which Forbes had dwelt almost 
from his tenth year. This young philosopher, who carried off 
prize after prize, succeeded Leslie when he died in 1833. He 
was bn friendly terms with his professor, “ as friendly as the 
latter’s singular nature would allow,” and had frequent though 
slight proofs of his master’s good opinion. >^en Forbes 
thought of entering on a legal career, Leslie dissuaded him from 
that course, intimating that he had Forbes in mind to take Ids 
lectures when he travelled in the Near East. In the last year of 
his life, Leslie was knighted at the recommendation of Lord 
Brougham. He died at Coates a short distance from his native 
town. James David Forbes, who showed that radiant heat 
can be polarised and whose thermal conductivity bars have 
been for so long familiar apparatus in ph3rsical laboratories, 
was appointed to succeed Leslie, at the early age of twenty- 
three years. 
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There appears to be three ways of writing a comprehensive 
treatise on Physics. 

The first is the English way. This consists in starting out 
with the best of intentions by a prefatory announcement to 
the effect that “ the volume now presented must be reg'arded as 
the opening one of a series forming a textbook on Physics," and 
then defaulting more or less rapidly and gracefully. We may 
be informed loi^ years after that “ the intention of proceeding 
with the other volumes is now definitely abandoned." We may 
be left hoping indefinitely for the completion of the work . . . 
if our experience of the volumes actually in existence has left 
us any grounds for hope. Failure to fulfil the contract may 
perhaps be attributed to the fact that such attempts have usu- 
ally been a dual concern, in which the partners do not seem to 
have worked smoothly in collaboration. In any case the dis- 
advantages of this particular method are too obvious to need 
stressing. 

The second is the German way. This consists in an editor, 
or a group of editors, drawing up a skeleton programme, and 
then subletting the clothing work among their friends. ITiere 
was a time when this subletting was apportioned in stretches 
of substantial length, for instance, by confiding one branch of 
the subject to a single authoritv. Unfortunately it now 
appears to be approaching its logical terminus in which chapters 
surcj and perhaps even paragraphs will be, handed over to 
individual specialists. That this is no fanciful exaggeration 
can be verined by a glance through the prospectus of any 
contemporary " Handbuch." The sole advantage of this 
method would appear to be that it constitutes a substantial 
guarantee of reasonable promptness in publication. Its draw- 
backs, though perhaps not sV> brutally obvious, are most «n- 
phati^ly real. A work conceived on such a plan must inevit- 
ably lack unity in encution, if not in design. An expert, for 
aU his learning in minutiae, may lack wisdom in essentials, and 
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to treat his contribution, which is virtually a technical pamphlet 
on a circumscribed topic, as a potential chapter or section in a 
treatise on Physics is to entertain a singular conception of the 
true nature of such a treatise. To exhibit a question in its 
proper perapective is, not to compose a monograph on it, but to 
situate it in an ensemble, to locate it against a background. In 
so far as our knowledge permits us to judge, it would seem that 
different questions have a very diverse importance. The 
narrow specialist almost invariably adopts a false scale of 
values ; it is in his own interest to magnify the significance of 
the particular work upon which his reputation rests, and which 
he naturally tends to equate to the universe. It is a falla(W to 
imagine that a bundle of essays of such a nature can be welded 
into an organic unity by the simple expedient of encasing them 
within the same binding cover. Intellectual co>operation of 
this sort can never adequately replace the vision and insight of 
the individual thinker, or the cumulative value of his labours. 

There remains, however, a third way. This is the French 
way, as exemplified for our present purpose by Professor Henri 
Bouasse of Toulouse. It is that of a single mind essaying, and 
achieving, the stupendous task of reviewing, rethinking and 
consolidatii^; the present-day position in classical Physics, and 
its allied subjects, on a preconceived and carefully executed 
plan. To string together a compilation requires only the 
pedestrian talents of patience and perseverance. To write a 
great treatise is an undertaking of an entirely different order of 
magnitude. The French outlook is characterised so pre- 
eminently by clarity allied to logic, by profundity untainted by 
pedantry, that the French rank supreme as writers of textbooks. 
Bouasse ’s work is in the purest French tradition, than which 
there could be no higher praise. 

That a person’s chief daim to fame should be a collection of 
textbooks is liable to cause superior people to sneer. It has 
become fashionable to despise the man who writes a textbook 
as compared with the man who turns out a paper. Searle 
eiqpressed this attitude concisely in the remark : " If you com- 
pose a paper on the nucleus in health and disease you are looked 
up to admiringly as a hero, but if you write a textbook you are 
looked down upon condescendingly as a teacher. ” This tendency 
to establish a hierarc^ between various intellectual activiti^ 
is to be deprecated. The only vital point is one’s eminence in 
one’s particular sphere of activity. Actually it is rarer to en- 
counter true distmetion in a text than in a paper, predsely 
because the former demands the sweep of vision assodated with 
the extensive mind, while the latter can be creditably accom- 
^shed on the narrowness of outlook characteristic of the 
mtensive mind. Publication of any sort being a spedes of self- 
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advertisementi it is^ of course, understandable why the majority 
should aim at securing this on the easiest terms. 

It was towards the year igoo that the project of writing a 
comprehensive treatise on Physics first took shape in Bouasse's 
mind. For thirty years he has devoted himself entirely to the 
realisation of this aim, with that tenacity of purpose and con- 
tinuity in effort which is the essence of success. A facility in 
arithmetic is all that is needed to reckon up the number of hours 
contained in thirty years, say of three hundred working days 
each of ten hours’ duration, but, as scientific activity is not to be 
reckoned by the hour like the price of a taxi, it is by no means so 
easy to appreciate the immensity of the labour that this time 
represents. The secret of the vitality of his work is his inflexible 
rule to consult nothing but original sources of information, and 
never to take facts or opinions from second-hand sources. The 
latter are all too frequently second-rate sources, perpetrated with 
scissors and paste pot, and pilferings from texts already in 
existence. It is excessively difficult to take a scientific papa, 
to exhibit its worth, to situate it in its proper relation to its 
surroundings, and to explain how and why it nas constituted an 
advance. For this, it needs more than a specialist — ^it needs an 
intelligent man. Although the results utilised are for the most 
part those of others, Bouasse converts them into permanent 
possessions before assigning a scheme of values to them, and 
committing them to paper. He is no mere mental fluxmeter of 
other authorities, no retail distributor of the ideas of others. 
Even the dictates of the highest authorities are subjected to 
scrutiny before acceptance, and nearly all the phenomena 
described have been reproduced in his laboratory either by him- 
self or his assistants. To weigh evidence in this fashion demands 
a high intuitive perception and a developed critical faculty. 
To unite it into an orderly and embracing presentation demands 
a finely balanced and constructive mind. Bouasse has a cordial 
detestation of vagueness, pomposity, prolixity, and other 
species of intellectual poison. In none of his work is to be foxmd 
any trace of that portentous gravity and impressive incom- 
prehensibility which are often regarded as attributes peculiar to 
higher scientific work. As he desires above all else to be read 
and understood, he strives to divest his writings of all vestige of 
academical pedantry. 

The first edition of Bouasse’s Cours dt Phystqut was published 
between the jrears 1907 and 1909. This preliminary venture. In 
six volumes and just over two thousand pages of text, was 
advertised as conforming with the programmes for the Certi- 
float and Agr^tion m Physics. Certmn carpdng critics 
objected that it was not in strict conformity with the sacrosanct 
programmes and, in particular, tended to overstep their bott&«» 
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daries. Bouasse hastened to make amends by withdrawing all 
siu^tion of acting as an examination chauffeur from his 
suc^quent work. 

In 1910 and X912 appeared two volumes on Mechanics, 
which represent a sixfold expansion of Volume I of the first 
edition. The same guiding principles remain in evidence, but 
are given a more systematic and less timorous presentation. In 
the course of his introductory remarks Bouasse says: Mechanics 
is an expoimental science. It does not consist m the manipu- 
lation of formulae, and it ought to be learnt in a laboratory, 
^e higher teaching of Mechanics does not consist in criticising 
its jfninciples : these have no validity except in so far as their 
logical consequences square with experimental findings. Neither 
does it consist in dishing up so-called ‘ demonstrations ’ of these 
principles, nor in taking your head between your hands and 
asking yourself, in anguish of mind, if conceivably they might 
not be true. All this pseudo-philosophy is rank nonsense. It 
bores students, distorts their outlook, and diverts them from 
matters of genuine importance. If Newton had occupied his 
spare moments dreaming about space and time we should 
not have had the Principia. Higher teaching in Mechanics 
consbts, then, not in meditations as to whether the confines 
of the universe are plane or curved, but in looking round one 
and explaining to one’s students what one has seen and what 
there is to be seen. No branch of Physical Science concerns us 
so directly, or has applications which fall more naturally under 
our daily observation. We are not all required to operate an 
X-ray tube, but every day we experiment with the effects of 
fiiction, if only in preventing our armchair from escaping beneath 
us. Elasticity, hydrostatics, hydrodynamics, and acoustics, 
considered as pure experimental sciences, have virtually 
disappeared from University programmes. Yet it is more 
genuinely educative for our future schoolmasters to know those 
tranches of Physip which apply to boats, aeroplanes, pianos, 
organs, and building structures than to acquire information 
concerning the ions large and small created by radium. The 
scientific frame of mind is developed in the younger generation 
by training them to examine intelligently what they tod around 
them, rather than in describing what it is probable they will 
never encounter. Higher instruction in Mechanics consists 
precisely in mustering together all the facts of common ex- 
pmen<», and deducing them from a limited number of principles. 
The things most frequently met with, such as tops, biluards, and 
bicycles are neither the easiest to understand nor the least 
interesting to investigate." 

Publication of the current, and more or less definitive, 
ed&tion of the treatise on Phyrics occupied the interval from 
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191 1 to 193a, and must assuredly rank as the greatest effort of 
co^dination ever undertaken by any nngle man in Phyncs. 
This Scientific Library of the Engineer and Physidst, to give it 
the title Bouasse selected for it, comprises forty-five volumes in 
octavo fcHrmat, containii^ over twenty thousand pages of text, 
not induding some nine hundred pages of preface and nearly 
six hundred pages of index. To compose and see through the 
pess forty-five volumes of technical material, averaging four 
hundred and l^y pages apiece, in the space of twenty years is 
no light task. Even on the kilogram basis it constitutes a 
staggering achievement. It represents a far more impressive 
performance when detailed examination reveals its unique 
qualities. 

Each volume of this edition is preceded by a preface, ex- 
tending to between twenty and thirty pages, written in the 
vivid and virile style peculiar to its author. The special value 
of these prefaces lies in the fact that, in them, Bouasse airs 
with complete frankness his views on the nature and teaching 
of Physics, the idiosyncrasies peculiar to physidsts and mathe- 
maticians, and a host of related topics of general scientific 
purport. It would be only reasonable to antidpate that anyone 
possessing so fine a sense of proportion would be liberally en- 
dowed with that most precious of human attributes — ^a sense 
of humour. One is emphatically not disappointed, for flashes 
of a very subtle humour leaven alike the prefaces and the texts. 
There are occasions when his humour assumes a militant 
quality, and merges into satire. This, however, is invariably 
purposive, rarely bitter, and never malicious, for, as his assistant 
charmingly phrased it, " when he holds the whip in his hand, he 
has a smile on his lips." The French handle irony, whether of 
the light or withering type, as no other nation can. The nearest 
home products are the prefaces of Shaw, but, whereas Shaw 
normally leaves us with the problems created by his devastatii^ 
analysis on our hands, Bouasse provides us with a synthesis 
as a pendant to his analysis. For, if his prefaces constitute 
inimitable examples of what Gilbert called the principle of 
refcnrm by ridicule, the accompanying texts are equally admir- 
able instances of the principle of reform by practice. 

The first two volumes of this collection contain the Mathe- 
matics used in the succeeding volumes. This is collected 
together at the outset on the ground that it is easier for the 
student to acquire, by a proper preliminary effort, the requiate 
quantity of the right type of mathematics than to try to muddle 
aloi^ without it, or pick it up m route. The physicist and 
engineer view Mathematics in the light of a mechanical proce- 
dure of deduction. They have need of an extensive mathie- 
matical equipment, but of a strictly utilitarian order. The 
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ji^ysicist is intent upon finding a physical significance in mat^ 
matical processes, and is not content to let equations lead him 

the nose. He is not interested in formula as such, but in 
what they represent. He does not shun numerical computa- 
tion as irrelevant, but employs adeq^uate means to obtain a 
correct result with the decimal point situated properly. With- 
out maldng any attempt to overwhelm the Physics student 
with rigour of the rigor mortis variety, or to overawe him 
with generalisations of all-embracing scope, Bouasse does insist 
on the importance of applicable Mathematics, and its practical 
laboratory study. 

One at least of the prefaces to the six volumes comprised in 
the section devoted to Mechanics may be singled out for special 
mention. This is the “ Defence of Prefaces,” which precedes 
the volume on Gyroscopes and Projectiles, and which con- 
stitutes a spirited vindication of this particular feature of his 
work. 

The next volume, dealing with the Theopr of Elasticity and 
Resistance of Materials is of special interest in view of Bouasse 's 
own early researches. Its preface treats of '* the futility of 
Mathematics for the development of the mind.” 

The next group of eight volumes is devoted to the study of 
Fluids. In the preparation of the two volumes dealing with 
Vortex Motion, Bouasse had the experimental collaboration of 
MM. Fouch^ and Marty, rendered imperative on account of the 
nebulous experimental status of this subject. 

Comparatively little of the material contained in the 
volumes mentioned so far figures in Physics courses as at 
present laid down in this country. The sections which follow 
include those portions which are, by convention, admitted here 
as belonging to Physics. 

Th$ first two volumes treat of Thermod3mamics, and were 
among ^e earliest to be issued in this edition. At the moment 
they are in process of revision, though the extent of their ex- 
pansion is as yet uncertain.* 

The course in Magnetism and Electricity extends to three 
volumes. In the course of the preface to Volume I, ” On 
certaih errors to be avoided in writing a treatise on Physics,” 
Boua^ says i ” It used to be deemed an execrable mode of 
teaching to insert a cort^e of notes, references, and quotations 
in a book destined for students. The method of quoting stray 
tags of information presents insuperable difficulties. If you 
are no more than a commonplace compiler, incapable of 
rethinking the questions you treat, your time would be em^doyed 
to better advantage in fishing. If you are capable of rethmlong 

* Since the above was mitten tbfl first volume of the revised and enliurged 
pItbUihCKle 
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a question you cannot help but transfonn it. Then quotations 
wifi strangle you. To quote an authority is, to some extent, 
to undertake to reproduce his particular viewpoint, which 
hangs a millstone round your neck.” It is not dimcult to con- 
vey the superficial illusion of learning by listing titles, but it is 
fairly safe to assume that the more real erudition a scientist 
possesses the less disposed he will be to make an unnecessary 
parade of it. Moreover, it is by no means rare to find, among 
these strings of references which clutter the ground-floor of the 
pages of so many books, certain inaccuracies and irrelevancies, 
or even an item which proves, on consultation, to be in flat con- 
tradiction with the accompanying text. To the objection that 
the absence of such references is detrimental to research workers 
Bouasse adds, “ The percentage of our students who are 
destined to develop into research workers is very small indeed. 
In any case, it is not altogether undesirable, for such as there 
may be, to start out by acquiring a rational perspective of the 
present position in Physics. I feel I can aid research workers 
more effectively by offering them a reasoned plan than by selling 
them a catalogue . So many of my colleagues occupy themselves 
with the latter that I feel no urge to join in the queue. Esther 
Science is a collection of facts without connection like cooking, 
in which case do not pretend to invest it with any educational 
significance ; or it is a school of reasoning and judgment, in 
which case you can hardly escape from my insistence on a 
proper logical lay-out." 

The section of the work devoted to Optics includes six 
volumes, the last two of which were produced in collabcnration 
with the Abb^ Carri^e, a former student, and the present 
occupant of the chair in Physics at the Catholic Institute of 
Toulouse. The experimental verification in connection with 
the extended treatment of Optical Interference and Difitaction 
contained in them was carried out by Canine, who was likewise 
responsible for the many magnificent illustrations of fringe 
systems with which they are embellished. The prefaces to 
Imth these volinnes are noteworthy. The former is a charmi^ 
disquisition on stylCi with particular refd'ence to style in 
scientific writing. Tbe latter, entitled ‘ ' Advice to Scientists who 
desire to be read," deserves the earnest attention of all scientific 
workers embarking on a career likely to involve publication. 
From it is taken the brief extract whiw follows : 

" Most scientific papers to-day are disproportionately loiig 
in view of their meagre content and, iud^ng by the trouble 
required to disinter t^t little is of value, they are, moreover, 
bamy; drafted. The vast majority purport to report the honest 
esmerimental investigations of ordinary persons. We have the 
ri|pt to require that the results of such work, useful but not in 
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the leftst epoch-making, should be {H’esented in a rational 
manner. My criticisms are those of a professor, whose busixiess 
it is to peruse a large amount of scientific literature. They are 
not addressed to scientists of genuis, for the peremptory reason 
that such are invariably the easiest to read. If the investiga- 
tion of some stray end of some little law has cost you a deal of 
trouble you must not imagine the result to be measured by the 
bother it has occasioned you. You are disposed to describe 
your tribulations and trials which interest us little : it is a Story 
we know because this story is our own. 

You tend to follow the fashion by making your d^but with 
an historical survey — A has said this, B that, while C upholds 
a third opinion, and so on. When all the alphabet has been 
exhausted you have filled a dozen pages, and we are not in the 
least advanced. I am not anxious to be told about the opinions 
of A, B, C, and the others; it is a question of you and your 
experiments. What do you want to show ? How are you 
setting about it ? 

‘ But if I don’t inform you what these others have found, 
how will you know about it ? ’ 

By reading their papers, which are no more difficult to 
locate than your own. 

‘ But if my results (Jiffer from theirs, ought I not to draw 
attention to the fact ? ’ 

By all means, good Sir, but after you have explained your 
own results. You put the cart before the horse, more exactly 
you insert the horse between two carts, because, having started 
by relating at length the diverse opinions of A, B, C, and the rest, 
you deign to reveal your own, after which you compare them 

with those of A, B, C, ^which ends in consuming some fifty 

pages, but which sorely tempts me to consign to Hades, you, 
your opinions, your paper, the opinions of A, B, C, etc., physics 
and physicists. 

Resist the temptation to utilise some perfected registering 
device after the manner of a skilled artisan. By giving us 
thirty plates, intelligently chosen, you run no risk of boring us. 
Why not then provide three hundred ? Why not three thou- 
sand ? Are you a photographer or a scientist ? Ah ! I b^^ to 
understand ; you are a candidate for some Academy of Saence 
and must needs have a paper on tap when election time diaws 
near. 

After inducix^ water to traverse a conduit of dimensions 
ax bxc, you send it along a series of conduits of dimensions 
iaxnUtxnc, where /, m, and n are anything you fancy. You will 
have found a steady occupation for life and, of course, you may 
enlarge tiie scope of your activities. Modify the section of the 
conduit. Chaise it from a rectangle to a triangle, into a circle, 
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an ellipse, and so forth. At considerable eapense substitute in 
place of water, oil, petrol, and all the organic hosts. Keep on 
dutifully publishing your results. At the seventy-fifth memoir 
the Academy will welcome you to its bosom. 

From a paper suppress history, idle discussions of appara- 
tus, needless digressions, and pointless tables of numbers. 
Retain only the precise exposition of the subject of the investi- 
gation, the condse description of the apparatus, and the results, 
condensed into a few graphs or formulae. Of the fifty or more 
pages usually occupied there would remain ten which, perhaps, 
might be worth the trouble of reading." 

The two following sections of the work contain respectively 
four volumes devoted to the study of symmet^ and the optics 
of c^talline media, and an equal number dealing with Electro- 
optics. 

The next main group consists of seven volumes on Acoustics. 
In the execution of this work, the most exhaustive m well as 
the best in existence on this particular subject, Bouaisse en- 
joyed the inestimable advantage of the experimental collabor- 
ation of M. Fouch6, which he acknowledges in the following 
terms : " To be privileged to meet with a musidan (a first- 
class pianist, an excellent trombone player, and a prizeman in 
composition) who, in a complex sound composed of anything 
up to ten non-harmonic partials, can detect th^ individually 
without the aid of resonators, and determine their frequendes to 
within a vibration or so per second in a matter of a couple of 
minutes apiece, is a good mrtune which singularly facilitates the 
task of a physidst." 

An analytical ear of this superlative type is not possessed by 
many physicists in any single generation. " Thanks to M. 
Fouch6, 1 have been enabled to understand how Mersenne and 
Chladni (to mention only a couple of names) carried out their 
acoustical investigations with the unaided ear." 

The concluding section of this monumental work indudes 
one volume on Astronomy, with a preface on the manner of 
teaching useless sciences ; and one on Mathematical Geography, 
with a preface entitled, “ Historical criticism and good sense." 
The latter has achieved a certain notoriety, since it involved 
Bouasse in a law suit, from which he emerged triumphant. 

It can be only too patent that a much larger canvas would 
be needed to do anything like justice to a mind of such power 
and scope, in which so much originality of thought is allied with 
such virility of presentation. An endeavour has been made, by 
drawing where possible upon Bouasse 's own writings,* to convey 

* I am indebted to I^K>{ettor Bonaese, and to his pobUahets, Messrs. 
Delagtave, for permission to include extracts from his worhs and to $dapt 
these to my prewnt purpose in the guise of very free transiatioins. 


"BIBLIOTHftQUE SCIENTIFIQUE" OF BOUASSE 68i 

a glimpse of his porsonalitjr. It has not been possible even to 
outline what is to be found in hb treatise, but there can be very 
little experimental work of genuine importance whi^ does not 
receive due attention in one or another of his volumes. It is 
hardly an exaggeration to advance the claim that Professor 
Bouasse is the most distinguished teacher of Physics alive to> 
day, and in any case there is no lack of material evidence upon 
wmch to substantiate the claim. His is an unique work, for 
which physicists and engineers of all conditions and national- 
ities cannot but be gratem. 
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Aural) (A. 6. Hannan, PbJD., F.LO.) 

In the domain of organic chemistry, and particularly in 
academic pastures, synthesis is frequently worshipped as the 
only true god. H. E. Armstrong, in one of his periodic and 
characteristic diatribes, points a well-worn finger of scorn at 
much of the so-called research work of to-day, describing it as 
“ Beilsteining pure and simple," deriding it as mere laboratory 
exercises worked out in illustration of well-known rules. It is 
true that there is little virtue in putting into a ring two halogen 
groups where one only was before, particularly if the method 
of accomplishing it dates back to the times of the chemical 
Medes and Persians, but it is no less true that all synthesis is 
not " Beilsteining.” Synthesis as a means of confirmation of 
the structure and configuration of a naturally occurring product 
is a very different proposition. It serves then as the acid and 
ultimate test of the correctness of the formula as deduced from 
its properties and by analysis. Outstanding examples of 
synthesis used in this way as a constitutional tool are the work 
of Harrington on thyroxin or Robinson on the anthocyanins. 

Recently there have been two intriguing examples of a 
synthetic approach to biological problems, one the source and 
formation of lignin, and the other the nature and properties of 
humus. Neither of them really involves a synthesis in the true 
chemical sense, and a purist may quarrel with the use of the 
word " synthetic ” as applied to either of the products, but 
both comprise an inherently constructive method of attack on 
a problem which has hitherto been mainly considered analytic 
cally. Rigid synthesis cannot be applied either to lignin or 
humus since the constitution of both these bodies is unloiown. 
However, the artificial products obtained firom likely pre- 
cursors in each case have apparently many points of resemb- 
lance to the naturally occiirring material. Both of these papers 
mark a veiy definite advance in the problem to be solved, 
and are promising of important developments. They serve 
admirably to illustrate the possibilities of a constructive or 
** synthetic " line of attack in such biological problems. 

The ch^nistry of lignin and its formation 
68s 
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is a subject in which very little {srogress has been made for 
s<»ne considerable time. Its inertness to most reagents and 
the im]f>ossibility of extracting and isolating it in an unchanrod 
condition, have meant that the starting material for resmrdnss 
has vmied from worker to worker, there being no criteria of 
purity or uniformity. Its few derivatives have thrown l^t little 
light on its constitution. The evidence for a cyclic structure is 
still not wholly convincing, and the innumerable formula that 
have been proposed are little better than guesses ii^eniously 
devised to explain as many of the observed reactions as posdble. 
Since the process of lignification of the cell-wall is normally 
regarded as a senescent change, it might have been expected 
that some chemical relationship would be found between lignin 
and its precursor or precursors, and by examining these other 
cell constituents some information might be obtained as to its 
nature. The difficulty has been, however, that no such re- 
lationship could be found. It is true that there is some resem- 
blance between tannins and lignin in so far as certain phenolic 
properties seem common to both, but not the slightest evidence 
exists for supposing the latter to be elaborated from the former. 

Considerable interest is likely to be aroused by the recent 
work of L. F. Hawley,* of the U.S. Forest Products Laboratorv, 
in which he demonstrates the formation of a ligmn-like sub- 
stance, to which he gives the name “ synthetic lignin.” He 
observed * that if wood were treated in a closed tube for several 
days at 1 38°, there was a large increase in apparent lignin and 
a diminution of carbohydrate material. In the case of white 
ash the increase was from 27 to 33 per cent, in eight days, and 
in Sitka spruce from 28 to 38 per cent. Of the carbohydrate 
material concerned, the pentose material not associated with 
cellulose seemed to have suffered the heaviest loss in the case 
of the ash, while in the spruce it was hexose material tluit had 
been changed. 

In the most recent papa* ■ he records the treatment under 
similar conditions, not of wood, but of the Cross and Bevan 
cellulose fraction j^epared from wood. As is well known, this 
fraction contains not cellulose alone, but cellulose very inti- 
mately associated with other polysaccharide material, vdxich 
in the case of hardwoods is pentose in nature, and in softwoods, 
a mixture of hexose and pentose, the pentose usually being 
quite small in amount. The Cross and Bevan cellulose fraction 
from both a hardwood and a softwood when treated siihilarly 

S ielded a product containing considerable quantities of lignin- 
ke material and some substance soluble in alcohol-braxene 
misfture. In the case of the hardwood it was the pentosans 

* L. F. BmvlMr sad Isa Wiertelak. JM. ami Bng, Cham, * 9 Sig s8i|< 
• Im F. HaiHay and B. B. Hmk, IbU., xgst, 873, 
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which first disappeared, and in the softwood the hexosans, 
thoitth in both cases the cellulose itself also suffered loss. 
Dupw:ate runs from the same material checked very closely, 
but with different samples of cellulose the amounts of apparent 
lignin produced were variable. The lignin determination, of 
course, is not specific for lignin — ^it estimates only such matc^al 
as is resistant to the attack of 72 per cent, sulphuric acid in the 
cold, and to more dilute add on subsequent boiling. Hawl^, 
however, believes his “ synthetic ” ligpin to be something which 
closely approaches “ natural " lignin, since the ultra-violet 
absorption spectrum of synthetic lignin from sugar maple cellu- 
lose was typical of natural hardwood lignins. Moreover, the 
synthetic lignin gives the same chlorination-sulphite reactions, 
shows a sinular resistance to hydrolysis, and has much the same 
redudng value as that from untreated woods. It differs in 
that it contains no methoxyl or acetyl groups, but can be 
methoxylated to a limited degree. 

On the basis of these observations Hawley suggests that the 
observed differences between natural hardwood and softwood 
lignins are due to the fact that pentose units may play a large 
part in the formation of the first, and hexose units in the latter. 
He revives the theory that the transformation may possibly 
be due to condensation of furfuraldehyde derivatives obtained 
by dehydration of the sugar units. This work aj^roaches, 
l^m an entirely new angle, the problem of the formation of 
lignin. If it is possible to show by similar treatment of ptire 
polysaccharide material, pentosans, and hexosans, that a 
substance dosely akin to natural lignin results, the theory of 
the carbohydrate origin of lignin will become near to bang 
established. The treatment involved is, of course, a very 
violent one, and might be critidsed on those grounds. It is 
conceivable, however, that a natural process might bring about 
dehydration in a similar manner. It is only necessary to dte 
die fixation of atmospheric nitrogen as an example of a process 
which in vitro must be violent and at a high temperature, and 
to compare it with the same process carried out by micro- 
organisms to see a possible parallel. 

Synthetic Humus . — ^The nature of humus was for long a 
matta of much discussion, and its origin and formation a very 
controversial subject. Of recent years, however, certain views 
have been recdving fairly general acceptance. TWs has not 
been due to the work of any one investigator, but rather to a 

S naal accumulation of results pointing to one condusion. 

umus, of course, results in the soil from the ad^tion of 
organic matter, plant materials, or plant residues, after a period 
of decompositiott. Anal^pes of decomposed material and of soU 
in which such decompodtions have takm place show that certmn 
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plant constituents mOTe or less completely disappear. One, 
however, suffers little loss, and appears to be famy resistant 
to the attacks of micro-organisms. This constituent is l^^n, 
which, together with the elaborated microbial tissue and micro- 
bial products, give rise to humus. The synthesised microbial' 
tissue, or residues therefrom, is nitrogenous and largely protein 
in character. Preparations of so-called " humic acid " from 
soils have been shown to contain up to s per cent. N, present 
largely as amino-nitrogen, indicating a poly^ptide form. Pro- 
tew3rtic enaymes, however, liberate little if any of this nitrogen, 
which is not therefore readily available to other micro-organisms. 
The inference from these and similar observations is that humus 
results from the association of lignin complexes from plant 
materials and protein residues from microbial sources, the 
manner of association being more intimate than mere mutual 
colloidal precipitation. 

On the basis of this conclusion, two pairs of investigators 
have recently attempted the synthetic preparation of humus 
material. Hobson and Page * precipitated with acid a mixture 
of egg albumen and artificial “ humic acid " from lignin. The 
properties of this mixture resembled that of soil humic acid in 
a number of respects. Waksman and Iyer,» in a much more 
detailed and extensive investigation, similarly mixed a solution 
in NaOH of lignin and casein, and then adjusted it to a pH of 
about 4*5. The precipitate obtained was washed and dried. 
For it they prefer the name “ humus-nucleus." By introducing 
into the precipitating mixture various salts, and precipitating 
at about pH 70, the " humus-nucleus " complex took up the 
base. By this means were prepared the so-called calcium, 
ma^esium, iron, and aluminium " ligno-proteinates." These 
vanous predations were tested biologically, and found to be 
attacked omy with difficulty by micro-organisms. The protein 
nitrogen is in some way rendered unavailable. They suggest 
that the linkage is a chemical one, between the amino group of 
the (ffotein and a carboxyl group either of aldehydic or ketonic 
type hrom the lignin. Such a compound would be stable and 
possess the proP^F combining with bases. Since to natural 
humus has oeen ascribed a favourable influence on the growth 
and activities of soil organisms, the synthetic " ligno-protein- 
ates " were tested with this in view. Cellulose decomposition 
in the presence of available nitrogen was assisted by the pres- 
taict of these synthetic bodies. The iron ligno-proteinate had 
a markedly beneficial effect on the fixation of nitrogen by 
Acotobacto'. 

> R, P. Hobson and H. T. Page. /. Agrie. Set., X933, n. 497 > 

* S. A. Waksman and K. R. N. lyw, /. Waskin^m Aead, Set., 1933, 
flIhfX : 'Sai.* X«3S. U, 43 : X93S. M» 71* 
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The observations of these warkers provide the basia for a 
synthetic mode of attack on problems connected with the 
physico^emical properties of soils. The h^h base exchange 
property of the artificial materials opens up the possilnlity of 
combinations with inorganic soil constituents, and developments 
in this field will be watched with much interest. 

Vm «l UtiuAafl Oasis in biaiiitrr (M. S.) 

The discovery of methods of liquefying common gases has 
been followed by large-scale applications m industry, such as 
the manufacture of oxygen firom air, of helium in U.S.A. by the 
freezing out of other constituents of natural gas, and of liquid 
chlorine for the treatment of municipal water supplies. In all 
the usual cases, however, the liquefied gas is not required as 
such, but is reconverted into the gaseous phase before use. 
Two modern instances which are exceptions have been 
developed, these being liquid carbon dioxide and liquid oi^gen 
in the field of explosives. 

It was Prof. Linde who first proposed in 1897 fhe use 
of liquid air or oxygen for inclusion in blastii^; cartridges. 
Some experiments were carried out at Pensburg, Bavaria, in 
which a mixture of charcoal plus liquid air was used. Two 
years later Brandt superintended the boring of the Smplon 
Tunnel, the blastii^ cartridges being of kieselguhr impremated 
with parafiin and liquid air. A series of improvements followed 
the work of Goldschmidt, of Essen, on the combustion of 

E owdered aluminium, for the inclusion of this metal in the 
lastii^ cartridges led to the attainment of higher explosion 
temperatures with higher blasting results. To-day, in numerous 
instances abroad, and in the iron-stone mines of North Lincoln- 
shire, oxygen cartridges are in favour owing to the safety intro- 
duced by this novel method. The cartridges contain various 
carbonaceous materials and metallic powders ; in addition, in 
mrder to r^;ulate the temperature of explosion within defied 
limits, coohn^ salts are included, these liberating their watw 
of crystallisation. The liquid oxygen is transported from the 
nearest oxj^en works in so-lb. lots contained in copper vacuum 
vesseb, wmch are globular in shape, and have long narrow nedks 
to ei^ose a minimum area of open surface. At the mines the 
cartridges are soaked in the liquid by placing them in small 
vacuum vessels, and when ready are found to sink in the liquid. 
Before this soaking the cartridges are harmless, and are not 
subjected to stringent regulations as r^rds storage ; the actual 
soaking constitutes the manufacture of an explosive, however, 
and yields a cartridge not uncomfortable to handle, althoitfh 
the inner layers are at minus 183° C. Detonation is carried 
out electrically ; and in case of misfire it is only necessary to 
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Wftit antil the oxygen has evaporated, when the caitrk^ may 
be taken out without danger. 

The Cardox cartiici^, which makes use of liquid carbon 
dioxide, is equally efficient. A long cylindrical shell of alloyed 
and heat-treated steel is charged with a combustible cartridge 
of such materials as perchlorate plus charcoal and al uminium 

E owder, this heating element being enclosed in a metal cage. 

iquid carbon dioxide is pumped into the shell, the latter being 
closed by a mild-steel disc which is renewable and ruptures at 
some predetermined pressure of from 10,000 to 30,000 lb. 
according to requirements and size of shell used. In one- 
eighty-fifrh of a second the heat generated by the heatii^ 
cm^dge gasifies the charge of liquid carbon dioxide, thus 
liberating a large volume of gas at the back of the mineral face. 
This slow, pushing effect is no detonation, and yields no flame ; 
indeed, the converse is obtained, for not only is carbon dioxide 
a non-supporter of combustion, but it is liberated as a cold 
gas from the rapid evaporation of a liquid. A compressing 
umt is required at the head of the mine for effecting the trans- 
ference of the liquid carbon dioxide from the gas cylinders to 
the steel cartridges. 

M— (Eka-maagaiMse)* fiie HenMoi ol Atomio Vumbw 48 
(f. O. F. Drooe, M.8c. (Loud.), BJfaiDr. (Fmgne), FXO.}. 

In 1935 the discovery of two new elements was announced 
[i][. They were the missing congeners of manganese whose 
emstence had been predicted by Mendilejev, and to which he 
gave the provisional names eka- and dvi-manganese. The 
main chemical and ph3rsical characteristics of dvi-manganese 
(rhenium), the element of atomic number 7$, have been estab- 
lished, and accounts of its properties and compounds have 
afready appeared in Science Progress [3], but no ^eat advance 
has yet been made in connection with the isolation of eka- 
manganese, the element of atomic number 43, to which the 
name masurium was assigned by Noddack, Tacke, and Berg [1]. 

Ihese investigators estimate that the Uthosphere contained 
io”“ of eka-manganese and io““ of dvi-manganese compared 
with 7 X lo"* of manganese and lo”* of iron. Later, they 
revised this estimate, and suggested [3] that the two new ele- 
ments were {xesent in equal amounts, namely, 10"*. On this 
assumption it seems remarkable that so little progress has been 
made m the stwly ol masurium whilst so much is now known 
regarding rhenium. 

The German investigators, who have examined 1,800 
ndnerals and 31 meteorites for the new elements, claim to nave 
dsdm^ad masurium, by X-ray mectroscopic analyks,in platiaum 
iMtesk cniumbite, sporylith, gacbtinitc, and fergusonile [t], and 
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(later) in tuitalite and possibly chrome iron ore, olivine, and 
pitchblende [3]. The evidence upon which the detection of the 
new element depends is the appearance of its characteristic lines 
in the X>ray spectra. The K.^, K^, and lines have been 
identified as follows : 

WAVBUtNOTBS IN AnCSTROU UNITS 

Fonad «... 0*672 0*675 0*601 

Calcnlstad . . . 0*6734 0*6779 0*6000 

The nearest approach to the isolation of masurium is that 
described by W. and I. Noddack [4], who worked up the mineral 
columbite to yield a final sulphide product containing from 0*2 
to I per cent, of masurium, and which it was said could be 
further enriched. The amount of the new element present was 
enough to enable its optical arc and spark spectral lines to be 
identified, but not enough to serve for an examination of its 
chemical properties. The Noddacks, however, predicted that 
the lower oxides, to which they assigned the formulae, MaO, 
and MaOa, would be dark coloured and probably insoluble 
in acids. The two higher oxides, MaO, and Ma$ 0 „ should be 
light, and combine with water to form acids analogous to man- 
ganic and permanganic acids. The highest oxide was predicted 
to have a melting-point of about 350-400° C. They also ven- 
tured a forecast concerning the nature of the halides and sul- 
phides of the new element. 

With reference to the physical properties, Noddack and 
Tacke anticipated that the molecular weight of masurium will be 
between 98 and 99 [i] or 99*5 [3]. Its density was given as 
about 1 1 ‘5 and its melting-point as about 2,300° Absolute. 

rVom theoretical reasoning, E. W. Washburn [5] came to the 
conclusion that the atomic weight of masurium would be 97*5 
or 98*8, whilst F. H. Loring has deduced [6] that the element 
should consist of two isotopes, 99 and loi. Reference to the 
Periodic Table shows that the atomic weight should be between 
molybdenum 96 and ruthenium 102. The same three authori- 
ties gave estimates of the atomic weight of rhenium (dvi- 
manganese),and the closest approximation to the result obtswed 
practically by Hdnigschmid and Sachtleben (186-31) was that of 
Loring (187) [7]. 

In the course of investigations upon rhenium other observers 
have had indications of the presence of masurium in the rhenium 
concentrates. Thus, Heyrovsk^ and DolejSek [8] state that in 
$heir polarographic studies of manganese salt solutions with the 
dropping mercury cathode they noticed a wave at — 1-15 volt 
in the oqiosition potential curves. This wave tb^ attribute 
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to masurium, having obtained X-ray spectrc^aphic evidence 
in support of this view. 

It (s nevertheless apparent that little is yet known concern- 
ing the properties and nature of masurium. Researches on the 
congeners of manganese have hitherto been directed towards a 
study of rhenium, and perhaps it may be due to rhenium pre- 
parations being contaminated with masurium that has given rise 
to some of the discrepancies in the observations and deductions 
of different investigators. Within the last two years three 
monographs on rhenium have appeared, namely, Rhenium 
{and Masurium), by P. M. Tyler, U.S. Bureau of Mines, 1931 ; 
Das Rhenium, by Dr. W. Schroter, Stuttgart, 1932 ; and 
Renij, by I>. E. S. Kronman, Moscow, 1932. All three make 
only a passing reference to masurium. 

BIBLIOGRAPHY 

1. W. Hoddack, I. Tacke, and O. Berg, Naturmssmschaften, 1925, vol. XIII, 

P- 367 : J- G. F. Druce and F. H. Loring, Chetn. News, 1925, vol. 
CXXXI, pp. 273 and 337 ; V. DolejSek and J. Heyrovslr^, Nature, 
1925, vol. CXVI, p, 782. 

2. Science Progress, April 1926, voL XX, pp. 590-2 ; and October 1930, 

vol. XXIV, pp. 481-5. 

3. I. Tacke, Zetischr. angew. Ckemic, 1925, vol. XXXVIII, p. 1157. 

4. W. and I. Noddack, MetaJlbdrse, 1926, vol. XVI, p. 2129. 

5. E. W. Washburn, /. Amer. Chem. Soc., 1926, vol. XL VIII, p. 2351. 

6. F. H. Loring, Chem. News, 1926, vol. CXXXIl, p. 410. 

7. Science Progress. January 1931. vol. XXV, p. 499. 

8. V. DolejSek and J. Heyrovsk^, Rec. irav. chim., 1927. vol. XLVI, p. 248. 

A Photo-slsctEio Organ (8. K. L.). 

In recent years there has been a steady growth of the 
interest in musical instruments in which the acoustic frequencies 
are generated in electrical circuits, the transformation into 
sound usually being accomplished by means of a loud-speaker. 
These devices are at present more popular on the Continent, 
where this " electronic music ” is finding its way into public 
performances of bands and orchestras. 

An exceptionally attractive instrument of this class was 
demonstrated by G. T. Winch, of the G.E.C. Research Labora- 
tories, at the Physical Society's Exhibition at South Kensington 
on January 3, 4, and 5. This instrument, which was described 
as a photo-electric organ, was exhibited only, as an experimental 
arrangement, and was restricted, for the sake of simplicity, to a 
short range of musical frequencies. The principle upon which 
it opiates is very neat, particularly with regard to the manner 
in which the characteristic tones of various musical instruments 
are obtained. 

A photo-electric cell is the origin of the electric oscillations. 
The light which falls on this cell originates in a number of very 
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small lamps. Each lamp is associated with a lens, and the 
beam of light passes through narrow radial slits cut in a disc 
of metal, or blackened glass, which rotates at constant speed. 
The light is then reflected from a large concave mirror, co-axial 
with the rotatiw slotted disc, into the photo-electric cell located 
at the focus. The radial slits are spaced uniformly around the 
disc, so that when the latter is rotated at a constant speed, 
the light from any one lamp generates a succession of electric 
impulses in the photo-electric cell, which gives acoustic frequency 
after being amplified and fed to a loud-speaker. Sets of radial 
slits on circles of various diameters are made to give various 
frequencies, according to the frequency at which the slits trans- 
mit light from the corresponding lamps. An ordinary key- 
board has contacts fitted to the keys which are connected to 
the lamps so that each lamp lights up when the corresponding 
key is depressed. 

The tone, or colour, of each note is determined by a simple 
yet ingenious device. Between each lamp-lens sjrstem and the 
reflecting mirror, and behind the slotted disc, is placed an actual 
picture on glass of the wave-form of the sound which it is desired 
to produce. The length of the picture coincides exactly with 
the circumferential distance between successive slits in the disc. 
As the slit traverses the picture, the amount of light which 
passes from the lamp to the mirror and photo-electric cell is 
modulated according to the wave-form in the picture. The 
electric impulses from the photo-electric cell vary in a corre- 
sponding manner and the loud-speaker thereby produces the 
desired tone. These wave-form pictures can be produced in 
large numbers photographically, so that the whole compass of 
the organ could be readily equipped with many sets of various 
tones, or stops. Not only can the tones of known instruments 
be rendered, but entirely new wave-forms can be introduced. 
The whole system is capable of considerable flexibility in various 
respects such as amplitude, “ attack," tremolo, and location of 
controls and loud-speaker. Unfortunately, transient effects 
cannot be produced in the present design. 

A complete organ built upon these lines wotdd, of course, 
be rather larmier and more intricate than the experimental 
apparatus exhibited, but consideringthe admirable performance 
obtainable from it, the system is very simple and effective. 

blHMSd ghotegiajby (8. K. L). 

A lecture on recent developments in Infra-red Photography 
at the Royal Society of Arts on January i8, by Olaf F. Block, 
President of the R(^al Photographic Sodety, attracted a very 
large audience. Afro* discussing the theoretical aspect m 
theaubject, the lecturer dealt at some length with the practipid 
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applications. The thecny of the treatment of photographic 
plates fay dyes in order to render them sensitive to iima-red 
radiation is not yet fully tmderstood, although several sug- 
gestions have been put forward. The sensitivity is not due 
merely to absorptioni and the amount of dye required is ex- 
tremely minute. In the developing process mr these sensitised 
plates, it is permissible to use a green safe light. Ordinary 
cameras may be used, excepting certain types having wooden 
frames transparent to infra-red. A small adjustment for the 
longer focus is necessary. The sensitivity to low-temperature 
radiation was clearly demonstrated by lantern slides showing 
ordinary flat-irons at 400“ Centigrade. 

One of the most important and useful applications is in 
long-distance and aerial photography. This is rendered pos- 
sible by the low absorption of infra-red radiation by mist and 
clouds. As long ago as 1924 photographs of mountains 150 
miles distant were obtained. More recently the distance has 
been increased to 330 miles, and a photograph of a long range 
of the Andes has been secured which shows the curvature of the 
earth. An excellent slide of the Dover cliffs taken in France 
was shown. Infra-red photography is of considerable service 
to newspapers. Photo^aphs of the crowds at the Cenotaph 
on Armistice Day taken by infra-red plates, and by ordinary 
plates, showed very clearly the advantage gained by the infra- 
red process in outdoor photography in a misty atmosphere. 
The fact that the infra-red component in daylight does not 
necessarily follow the variation in light intensity constitutes a 
difficulty in estimating the requisite exposure. An actinometer 
for infra-red is at present being developed. A characteristic of 
infra-red landscape photography is the white appearance of 
foliage. This arises from the excellent infra-red transmission — 
and reflection — property of chlorophyll. 

In the case 01 clothing materials, there is no uniform relation 
between infra-red and visible light. A selection of black cloths 
might include all shades in an infra-red photograph. Woods 
also difitf very greatly, but all metals are opaque : hence the 
superiority of metals for infra-red camera construction. The 
usual photographic black pap^ is opaque even though it be 
thin. A most interesting case is the examination of documents 
suspected of {ovgexy or other alteration. A slide was shown of 
an undent document censwed by the Inquisition, in wfaich the 
c«asor*s ink was transparent when photc^aphed by infra-red. 
Some amusing slides 01 the results obtained in portraiture were 
shown. For instance, a n^;ro gentleman appeared in the 
infra-red photc^praph to have marked Mongolian characteristics. 
In microscopy, the new photography promises to be of con- 
siderable utility, particularly in the examination of tfaa interior 
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structure of small insects. The advantages gained in tihis 
field were clearly shown by comparative slides. There are 
possibilities also m the application of infra-red photography to 
psychical research. Improvements in planet phot^raphy 
have been effected : for instance, in the case of the Nebula in 
Orion, the ordinary photographs are confused by scattered 
light, but by infra-red they are perfectly clear. 

The lecturer demonstrated a number of effects of infra-red 
radiation, making use of two photo-electric cells, one sensitive 
only to visible light, the other sensitive only to infra-red. The 
electric responses were amplified and fed to a loud-speaker. 
By this means the abso^tion and transmission of various 
materials, including two different black cloths and a meen leaf, 
were shown. In conclusion, the lecturer showed a riide of an 
infra-red photograph of the audience taken at the commence- 
ment of the lecture. The exposure for this lasted only a few 
seconds in almost complete darkness. 

Ismihwiit Disduige Lamps (S. K. L.}. 

Recent developments in luminous discharge lamps suggest 
that a new era in electric lighting is approaching. The present 
situation was admirably presented in an address by Mr. C. C. 
Paterson to the Illuminating Engineering Society on November 
8, 1932. Great confidence was expressed in the new lamps. 
The ^scharge tube has far wider limits to progress than the 
incandescent filament lamp, particularly with regard to effici- 
ency. In colour the discharge lamp has a wide flexibility, but it 
is not always possible to obtain what is desired. While, however, 
thm'e appears to be a definite future for the new lamps, the 
filament lamp is too simple and effective to be readily displaced. 

The usual form of cold cathode discharge tube has two 
electrodes with no visible connection between them, and is 
filled with gas of the correct quantity and purity. Under the 
action of the applied electric field, the comparatively few 
natural ions which are always present are accelerated and pro- 
duce vast numbers of ions by collision. The conductivity of 
the ionised gas is then very high, and in fact the tube may &ve 
a n<^ative resistance ch^acteristic, which calls for certain 
auxiliary equipment in practical application. The pressure 
of the gas is an impwtant question. At high pressures a very 
high voltage is required to pass a current, and the discharge 
would take the form of a spark. At very low pressures also a 
high voltage is required because the gas atoms are fiurther 
ac^, so that the chance of ionisation is smaller. Between 
these extremes, at the correct low pressure, the discharge takes 
the forin of a glow. As a result of collisions between the acceler- 
ated ions and the gas atoms, the latter become energised in 
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having their electrons transferred to orbits of higher potMitial 
taarfSy, or even removed from the boundaries of the atoms. 
L^t is woduced when the electrons return to their normal 
orbits. The colour of the light emitted is fundamentellv 
related to the energy change. The frequency of the light » 
(roportional to the energy emitted by the atom during the 
process of radiation. This implies that each kind of atom has 
its own characteristic set of frequencies. All frequencies do 
not have the same intensity. In consequence, the spectrum 
of a discharge of this nature consists of a number of lines as 
distinct from the continuous spectrum of an incandescent lamp. 

The discharge in the cold cathode tube consists essentially 
of two parts — ^that immediately surrounding the electrodes, 
and that which constitutes the main column. The latter gives 
most of the light, while the former is an unavoidable difficulty, 
and is associated with a high voltage drop, known as the cathode 
fall, and with cathodic sputtering which governs as a rule the 
life of the tube. In the sputtering process, the gas atoms are 
entrapped on the surface of the glass tube and the pressure 
falls eventually to an unsatisfactoruy low value. 

In the recently developed hot cathode tubes, heavy currents 
may be passed without an increase in the size of the dectrodes. 
The hot cathode is an electrically heated alkaline earth oxide 
electrode. By the use of these electrodes, the cathode fall is 
greatly reduced, and the voltage drop per foot of the tube is 
much less than in the cold cathode tubes. The current is now 
limited only by the heat dissipation of the tube. The running 
voltage is conveniently low, and no step>up transformer is 
required. A choke to limit the current and a small transformer 
to heat the filaments are required. The starting voltage is 
rather high, and is usually provided by a small high-frequency 
Tesla coil. 

The choice of gas used in the tube is determined by several 
important requirements. Colour mixing by gas mixing is not 
a simple matter, as the gas with the lowest stimulating voltage 
will give the dominant hue. Neon and mercury can be made 
to ^ve white light, but the practical difficulty is to maintain the 
temperature sufficiently constant to ensure correct vapour 
pressure. 

Since the gu discharge does not ol^ Ohm’s |law, the power 
factor is not unity. However, by adding a suitable capaaty to 
the circuit and by running the tubes on ^kage transformers, a 
power factm of about 0*95 can be achieved. It should be noted 
that on account of the rapid fluctuation of light intensity 
according to the alternations of the supply volt^, the 
** flicker ’* effect on the visibility of moving objects is rather 
apparent than in the case of the incandescent lamp. 

45 
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la photonoetty, tome very brotd itsues arise. Serious ocua* 
plications are encountered wnen an attempt is made to measure 
the output of coloured discharge tubes. A reasonable approxi- 
mation, however, is obtainra by comparing tfaa coloured 
discharge with the light from a tungsten lamp passed through a 
filter designed to match the colour. Several factors affect the 
efficien<^ of the hot cathode lamp. Some gases and vapours 
are intrinsically m<Kre efficient as fight sources than others. A 
loss of energy arises from various wasteful processes in the tube, 
including riastic collisions of the gas atoms, and appear as a 
rise in the temparature of the tub«. There are losses also in 
the reactors used to counteract the negative resistance, and very 
small losses in the condensers for correcting the power factor. 

The development of hot cathode tubes has b^n very rapid 
in the last year or two, and they have already found important 
practical applications. Neon or mercury tubes (the latter in 
either clear or green glass) in parabolic reflectors are very 
effective in colour floodlighting, etc. For this purpose the 
efficiency is greatly in excess of that of ordinary incandescent 
lamps and colour filters. The combination of neon and mercury 
tub^ behind opal glass may be used to give good colour render- 
ing. A new tj^ of lamp which has recently been developed 
by the G.E.C. Research Laboratories gives an efficiency of 40 
lumens per watt for a 4oo-watt lamp, compared with 1 $ lumens 

E OT watt for the corresponding tungsten filament lamp. Still 
igher efficiencies have been obtained in experimental tubes. 
TBs type is pOTticularly suitable for street fighting. At present 
it gives a wBtish-blue fight, and is deficient m red, but this wifi 
be corrected later. A street in Wembley has been illuminated 
by these lamps since July 1932, and further work in this direc- 
rion is in hand. A similar type of lamp, wBch utilises sodima 
•^pour, has been developed in Germany and Holland. The 
fight from this lamp is practically pure yellow and is not very 
suitable for general or street lighting. Road sections have l^n 
lighted by these lamps in Holland — ^in Zurich — and recently in 
tBs country. The yellow lamps may be suitable in special 
cases, such as arterial road fighting, where good colour rendering 
is not required. The next developments m hot cathode lamps 
will have to be directed towards improving first the colour and 
then, still further, the efficiency. 

VMes and Nsm 

Professor Karl Pearson, who is retiring from Galton 
chair of Eugenics in the University of London at the end of the 
present session, has been awarded the Rudolf Virchow 
gM«te^lin Gesellschaft fttr Anthropologic, Ethnologie and 
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Sir Frank Dyson, the Astronomer Royal who retired mt 
February s8, has been succeeded by Dr. H. Spencer-Jonet, 
H.M. Astronomer at the Cape Observatory. Dr. Spmioer> 
Jones was educated at the Lat3rmer tJpi^ School, and at Jesus 
Coll^, Camloidge. He served as duet assistant at Greenwidi 
from 1913 to when he received his appointment at the 
Cape. He contributed the notes on Recent Advances in 
Astronomy to Science Progress from their first appearance in 
1917 until his departure from England rendered further con- 
tributions impracticable. Dr. Spencer- Jones is succeeded at 
the Ca|M Observatory by Dr. /. Jackson, chief assistant at 
CkcMwich. 

Prof. L. N. G. Fllon, C.B.E., F.R.S., has been elected >^ce- 
Chancellor of the University of London for the remainder of 
the session 1932-33 in succession to the late Mr. J. L. S. Hatton. 

Mr. H. T. Tizard, Rector of the Imperial College of Sdenoe 
and Technology, has been appointed to succeed ^ Richard 
Glazebropk as chairman of the Aeronautical Research Commit- 


tee. 

Mr. T. Franklin Sibly, Vice-Chancellor of the University of 
Reading, has been appointed to be a member of the Advisory 
Coundl of the Pri^ Coundl for Scientific and Industriu 
Research. 

The Gold Medal of the Royal Astronomical Sodety for 1933 
has been awarded to Dr. V. M. Slipher, director of the Loww 
Observatory, for his spectroscopic work on the planets, stars, 
and nebulae. 

The Coundl of the Geological Sodety has awarded the 
Wollaston medal to Prof. M. Boule of Paris, for his work on the 
geology and palaeontology of the Tertiary period ; the Murchison 
medal to Dr. A. L. Dutoit of Johannesburg, for his work on the 
geology of South Africa, and the Lyell medal to Mr. J. E. Richey 
of the Geological Survey of Great Britain, for his researdaes 
on the Tertiary volcanic geology of the British Isles. 

Prof. £. J. Salisbury will preside at the annual congress of 
the South Eastern Union of Sdentific Sodeties to be Wd at 
Norwich from June 7 to 10. 

Prof. C. B. Fawcett has been chosen to be first president of 
the newly formed Institute of Bitish Geographers. Membet- 
thip of the Institute is, at present, limited to members of the 
staffs of university departments of geography in Britain. 

The meeting of the British Association this year wiH be 
held at Leicester during the period September 6-13 under the 
presidency of Sir F. (^wland Hopkins. The ]aresidents of 
the various sections wiU be : Section A (Mathematics and 
l^ysie^. Sir Gilbert Walker ; B (Chemistiy), Prof. R. Rddn- 
son; C (Gecdogy), Prof. W. G. Fearnsides; D (Zoology), 
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Dr. J. Gray ; E (Geography), the Right Hon. Lca'd M<»ton ; 
F (Econonucs and Statistics), Prof. J. H. Jonra ; G (Engineer- 
ing), Mr. R. W. Allen ; H (Anthropolo^), the Right Hon. 
IxKrd Rs^lan ; I (Physiology), Prof. E. 15 . Adrian ; J (Psy- 
chology), Prof. F. Avding j IC (Botany), Prof. F. E. Lloyd ; 
L (Education), Mr. J. L. Holland ; M (Agriculture), Dr. A. 
Lauder. 

The sixteenth International Geological Congress -will be 
hdd in Washington during the week July 22-39. Information 
concerning the arrangements for the meeting may be obtained 
from the Geological Survey, Washington, D.C. 

An international congress on Physical Chemistry will be 
held in Paris at the end of October. It has been arranged to 
celebrate the twenty-fifth anniversary of the formation of the 
IVench Society of Physical Chemistry. All necessary particulars 
may be obtained from Dr. Ch. Marie, 9, rue de Bagneux, Paris, ge. 

Prof. Einstein has accepted a life appointment as head of 
the school of mathematics in the new Institute of Advanced 
Study at present located in Princeton University. Dr. Abra- 
ham Flexner is director of the Institute, which was formed 
as a result of a grant of 5 million dollars from Louis Bamberger 
and Mrs. Felix Field. 

Prof. A. C. Dixon has been elected president of the London 
Mathematical Society for the current session, Mr. Conrad Beck 
president of the Royal Microscopical Society, and Dr. W. A. 
Rogers president of the Royal Society of South Africa. 

We regret to have to record the announcements of the death 
of the following men, well known in scientific circles, during 
the past quarter : Mr. C. F. Beadles, curator of the pathologicm 
collection at the Hunterian Museum ; Dr. J. J. Carty, until 
1930 chief engineer to the American Telephone and Tel^aph 
Co. ; Mr. T. H. Coward, naturalist ; Prof. R. Donation, 
pathologist of St. George’s Hospital ; Prof. Paolo Enriques, 
mesident of the last International Congress of Zoology : Mr. 
F. Finn, naturalist ; Mr. J. L. S. Hatton, Vice-Chancellor of 
the University of London and principal of East London College ; 
Prof. A. B. Hill, lately professor of hygiene in the Univeraty 
of Birmingham ; Prof. James Johnstone, prof^or of oceano- 
graphy in the University of Liverpool ; Dn M. E. MacGregor, 
entomologist ; Mr. H. A. Roberts, until recently secretary to 
the Appointments Board of the University of Camlvidge ; the 
Rev. J. Roscoe, honorary Canon of NorwiiA, anthropologist ; 
Prof. C. M. Thompson,^ Emeritus professor of chemistry at 
University College, Cardiff ; Sir J. i&thur Thomson, zoologist. 

The Royal Society Mond Laboratory at Cambridge was 
<^>ened by the Right Hon. Stanley Baldwin on Friday, Feb- 
ruary 3. The erection of the laboratory is the outcome of the 
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work of its Director, Dr. P. Kapitza, and was rendo^d j^ible 
by a grant of ;£t 5,000 from the Royal Society. The equipment 
comprises the apparatus required for the production of intense 
masnetic fields and plant for the liquefaction of nitrogen, 
hymogen, and helium so that the behaviour of matter at ver^ 
low temperatures and in strong magnetic fields can be investi* 
gated. The architectural work has been carried out according 
to the designs of Mr. H. C. Hughes, and the brickwork near the 
main entrance is adorned by a carving by Eric Gill which appears 
to represent a crocodile. The suitability of this ornamentation 
is not immediately obvious. 

At a Friday evening lecture at the Royal Institution on 
June 3 last year Prof. McLennan showed, for the first time in 
this country, a lead ring immersed in liquid helium and carry- 
ing a current which was induced in it by Prof. Keesom at 
Leiden on the morning of the lecture. This experiment Prof. 
McLennan repeated at another lecture at the Royal Institution 
on January 31. To produce the current the ring is placed in a 
vacuum flask and a magnet is held near it. Liquid helium te 
then poured into the flask and, when the ring has cooled below 
the transition temperature, the magnet is removed, thereby 
producing a current giving a magnetic flux equal to that 
originally given by the magnet. Those fortunate enough to 
be present at the lecture were able to inspect the liquid helium 
through an unsitvered strip down the side of the flask. It is 
a clear colourless liquid, indistinguishable, in its appearance in 
the flask, from water. 

The ^mbridge University Press announces two new books 
of outstandii^ interest. Sir Arthm Eddington has written on 
The Expanding Universe, introducing the cosmical constant, 
and Sir James Jeans has in preparation a book to be titled 
The New Background of Science, and designed to appeal both 
to the ph3rsicist and to the general reader. In addition. Prof. 
Whitehead hw written a volume to round off the ideas ex- 
pounded in his earlier books. Science and the Modem World and 
Process and Reaiify. He calls it Adventures of Ideas. 

Among the papers printed in the Journal of Research pub- 
lished by the Bureau of Standards (Washington, D.C.) dimng 
the last quarter were (a) a paper by Hidnot and Sweeney on 
the theriw expansion of lead, which contains a list of aU the 
values of its coefficient of linear expansion obtained by various 
observers from Musschenbroek (1740) to the present diiiy. 
The value of the coefficient increases ^m 0*0000351 -(*— 350* C. 
to ao* C.) to 0*0000313 (30® C. to 300® C.), and for the range 
ao* C. to 100® C. IS 0*0000391 per degree C. (Nov. 1933). 
{h) A descriptioii of the construction and performance <» a 
putiiiiDii rcwtinice tiiennometer with a coiled wire wound on 
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a mica frame. A douUe helical windUng is employed, and as a 
tesult a as-Kihm coil can be contained in a space a cm. x o*$ cm., 
which is little larger than the bulb of an ordinary mercury* 
in^lass thermometer. The thermometers constructed at the 
Bureau were hermetically sealed and filled with heliuzn to 
reduce thermometric lag. (c) An accoimt of a convenient 
arrangement for measuring thermal expansion by Flzeau’s 
intermence method (G. E. Merritt, January 1933). 

The Annual Report of the Director of the Bureau of Stand- 
ards of the United States contains a number of statements of 
general sdentific interest. The refractive index of water has 
been determined for 5® C. intervals between o® C. and 60* C. 
for several wavelengths in the visible spectrum correct to 
within 3 units in the sixth decimal place. The concentration 
of the hydrogen isotope of mass 2 in water has been raised from 
I part in 30,000 to 1 in 1,000 by fractional electrolysis. In the 
process the density of the water increases by 16 parts in 
100,000. An attempt was made to discover why some samples 
of soda-lime glasses are able to transmit as much as 85 per cent, 
of the ultra-violet rays reaching us from the sun, and it appeared 
tltot the presence of iron in the glass has a very important 
oSect on this transmission. The freezing-point of iridium has 
been found to be 2,450® C., and a copper-lead mixture has 
been found suitable for use as a bearing metal. A substitute 
material for boot soles has been made of heavy cotton duck 
and synthetic resin, and another synthetic resin has been found 
to replace shellac as a stiffener for felt hats. 

The Bell System Technical Journal iot October 193a 
contains the paper presented by Dr. C. J. Davisson to the Inter- 
national Electrical Congress held in Paris last July, descriptive 
of the growth of our ideas concerning the electron from the time 
of Faraday up to the present day. Rupp’s experiments on the 
effects of magnetic fields on electron beams indicate that 
r^;arded as particles they possess spin, while regarded as 
waves they have a wavelength given by the ratio of Planck’s 
constant k to their linear momentum — a duality of character 
which makes it impossible for us to form any Iwd of picture 
of their nature, if, indeed, ** they ” have any. The same 
issue of the Joum^ contains the first part of an article by 
Karl Darrow on high-frequency phenomena in gases. It in- 
cludes an excellent account of the results obtained by Af^deton 
and bis students during the last three or four years. 

The Imperial Institute has issued a second edition of its 
monograph on Borates in their series on the Mineral Resources 
of the British Empire and Foreign Countries (H.M. Stationery 
(Met, jvice 9d., or, by post, lod.). The fall in tfen prioe of 
borax in recent years has led to its udder use in iaduitiy. 
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It is employed in the manufacture of glass, pottery, adhesives, 
and paper ; in leather dressing, dyeing, enamelling, and metal- 
lursy. Its many domestic uses include that of a water softener 
and cleanser, and its derivative, perborate of soda, is an im- 
portant bleaching agent. Manganese borate is used in the 
manufacture of paint, printing mks, and linoleum. The mild 
antiseptic and detergent properties of boric acid and borax 
render them of value in pharmacy. So far, the demand for 
metallic boron has been small ; some borides have possilalities 
as abrasives and in the steel industry. The sources of the raw 
material include the Californian deposits of kernite (borate of 
soda), which now furnish a very large proportion of the world's 
requirements of crude borates, deposits of pandermite (calcium 
borate) in Turkey, and volcanic emanations which in Italy 
constitute an important source of boric add. 

The January number of the Transactions of the Norfolk and 
Norwich Naturalists Society contains the Presidential Address by 
Prof. E. J. Salisbuj^ on “ The East Anglian Flora.” This is a 
study of comparative plant geography occupying 75 pages of 
text and illustrated by no less t^n 107 distribution maps and 
8 half-tone plates from photographs of some of the rarer spedes. 
These maps not only show the distribution in the British Isles, 
including the latest records up to the time of publication, but 
in many instances the relative frequency in the comital and 
vice-comital areas is indicated by means of differential shading. 
From the data here presented a number of important condusions 
are deduced which, having reg^d to the rich and representative 
character of the East Anglian Flora, apply to the British Flora as 
a whole and not merely to the area from which the author has 
taken his subject-matter. The author divides the constituent 
spedes into various ” components ” and these again into 
''elements,” a grouping based upon the areas where they 
characteristically occur upon the Continent of Europe. These 
areas have, however, been utilised as indicators of the climatic 
preferences of the sp^es concerned, so that designations such as 
'' oceanic,” '' Continental,” are employed in place of regional 
appellations. 

The predominance of the climatic factor is dearly demon- 
strated and the r 61 e of edaphic and biotic factors in accentuating 
or diminishing the effect of climate is considered in its various 
aspects. The time factor and the various types of dispersal are 
shown to have little, if any, effect upon the t^e of distribution, 
and the presence of spedes in Irehum or their absence from that 
country is shown to correspond to the dimatic preferences of 
the i^des concerned. Separate copies can be obtained from 
the Hon, Secretary, Dr. S. li. Long, 31 Surrey Street, Norwich, 
at post free. 
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To ike Editor of Science Progress 

I. From J. T. Cunningham, M.A. 

DR. FISHER ON BATESON AND DE VRIES 

Sir, — In the October number of Science Progress is an 
article on the " Bearing of Genetics on Theories of Evolution,” 
by Dr. Fisher, in which he states that Bateson and de Vries 
” seized upon the discontinuous hereditary factors demonstrated 
by Mendel 's work as though these had been specific differences, 
instead of differences between close varieties : whereas we now 
know that forms which are ranked as specifically distinct differ 
as a rule not in one but in a large assemblage of Mendelian 
factors.” With regard to de Vries, Bateson (Mendel’s Prmctp^s 
of Heredity, 1909, p. 225) states that he has incautiously deimed 
with some strictness the differences between varietal and 
specific distinctions, declaring that it is the property of varietal 
characters alone to exhibit Mendelian heredity. I have no 
doubt that Bateson’s description of de Vries’s views is c<RTect, 
and it is evident that they were the direct opposite of those 
which Dr. Fisher attributes to him. Bateson declares himself 
unable to accept so vast a generalisation, but I find nowhere in 
Mendel’s Principles, nor in the Prohlemsof Genetics, 1913, any- 
thing to justify Dr. Fisher’s assertion that Bateson reg^dra 
Mendelian factors in general as specific differences. Consider- 
ing the great amount of Mendelian research carried out by 
Bateson on varieties and variations of cultivated and wild 
ammals and plants, the statement that he mistook diffsrences 
of varieties for specific differences is not only erroneous but 
absurd. The problem that most perplexed &iteson was the 
evolution of species, convinwd as he was that the great majority 
of their characters and their variations were not adaptive and. 
therefwe not due to any process of Natural Selection, to wUch 
Dr. Fisher imd other modern geneticists attribute so much 
influ^M, using the term with a meaning that has little or 
nothing to do with what Darwin meant by it. 

Bateson states that plenty of the characters now known to 
$efgctgaUi would be sufiSdent to constitute specific dfiferanoea 
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in the tym of most systematists, but the question is whether 
certain kinds of differences segregate and certain others do not, 
and whether the conception of species attaches with ipreater 
propriety to the non>«egregatin^. In his Probiems of dmHe$, 
chap. V, he writes that the distinctions between species are 
usually such as might be caused by the presence, absence, or 
inter*combination of moups of Menaelian factors, but that they 
are so caused the eviaence is not yet sufficient to prove in more 
than a very few instances. 

It is evident that Dr. Fisher is only imperfectly acquainted 
with Bateson’s work or his conclusions, and also that he fails 
to appreciate the great value of his work and the position he 
held as pioneer and leader of Mendelian research for so many 
years. 

Yours faithfully, 

J. T. Cunningham. 

35, Wavbndon Avbnus, 

Lonton. W.4, 

Decmber 3, 1932. 


II. From R. A. Fisher, Sc.D., F.R.S. 

I suppose the futility of controversy, especially when carried 
out with vehemence, is chiefly due to a careless reading of 
other people’s words. Dr. Cunningham begins by quoting my 
words correctly, but continues by reproving me severely for 
two very distorted versions of them : 

(i) " Fisher’s assertion that Bateson regarded Mendelian 
factors in general as specific differences ” ; and 

(ii) ” The statement that he mistook differences of variety 
for spmfic differences.” 

Obviously neither the assertion nor the statement is mine. 
What I do assert, and what I had thought was familiar to every 
student of the subject, was that De Vries and Bateson supported 
their pre-Mendelian belief in the discontinuous origin of specific 
fomu on the more recently demonstrated fact of the auoon* 
tinuity of Mendelian factors. This argument would have been 
a strong one had the Mendelian discovery been made in inter- 
specific crosses. It was a very weak one in view of the actual 
nets, because the existence of numerous factors segr^ting 
within each species had already made it extremely improbable 
that the specific differences recognised by systematists were 
ever based on only a single factor. 

Even in 1909, the year for which Dr. Cunningham quotes 
Bateson’s opimon, it is evident that Bateson still held to the 
bdief that many of the taxonomists* species would be shosm 
aqperimentally to be rimple segregates, and therefore, inferenti- 
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ally, not distinguished by adat>tiv« characters. In the paragraph 
immediately preceding that mentioned by Dr. Cunningham, ne 
states in round terms : 

We may even be certun that numbers of excellent species 
universally recog^sed by ornithologists or entomologists, for 
example, would, if subjected to breeding tests, be immediately 
proved to be analytical varieties differing from each merely in 
the presence or absence of definite factors." 

1 think I am right in saying that in the intervening pmod 
of intense genetical research throughout the world, in no single 
case have the heritable differences between two " excellent 
species universally recognised " by systematists been analysed 
genetically ; in spite of the wide interest which such an analysis 
would arouse, and of the almost universal belief, which I share, 
that such an analysis is theoretically possible. It is not a 
remote inference that such forms differ, as a rule, not in one 
but in a large assemblage of Mendelian factors. 

As to whether to disagree with the early, and, as I think, 
hasty opinions of a pioneer, is to give evidence of imperfect 
acquaintance with his conclusions, and a failure to appreciate 
other aspects of his work, this point must, I suppose, remain 
a matter of opinion, as between the different kinds of minds 
which interest themselves in Science. 


R. A. F. 
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«X> KKBO»T or ZXnAm OrZBAVOBS. By Pkof. G. TBMPtB, 

Fb.D.. D.Sc. Being a review of Wwwr 

and ttMir ACTUeattoai to Aadyais. by M. H. Stonb. [Pp. viii + eza.] 

(American Mathematical Society CoU^uium Publications, vol. xv, I93X, 

Price t6<50.) 

During the years 1929-30, Prof. Stone, of Yale University, 
contributed to the Proceedings of the National Academy of 
Sciences a series of three papers on Linear Transformations in 
Hilbert Space,” which brilliantly summarised the leading results 
obtained by the author on the geometrical, analytical, and 
operational aspects of the theory. Similar results had pre- 
viously been obtained by J. v. Neumann, and the present 
volume gives a formal exposition of the discoveries made 
independently and conjointly by these two authorities. 

The theory developed in this volume is urgently required 
for the adequate mathematical expression of quantum mechan- 
ics, and every reader will regret that lack of space has led the 
author to omit a chapter which had been planned to discuss the 
applications of the theory to modern atomic physics. But this 
branch of mathematical physics is far from being the only field 
of application found for the abstract theory discussed in Stone’s 
monumental treatise. The general theory throws a flood of 
light on numerous problems of pure and applied mathematics 
and gives a unified treatment of many diverse questions, as, for 
example, the theory of Jacobi matrices, differential equations, 
itttespral equations, Fourier transforms, Parseval and Riesz- 
Fisdher theorems. 

A rather elaborate mathematical techni<^ue is required for 
the rigwous discussion of the geometry of Hilbert space. The 
the<^ of measure and of Lebesgue integration are fundamental, 
the integrals of Stieltjm, of Radon-Stieltjes, and of Hellinger are 
indispensable, and in the treatment of limiting processes the 
conc^t of convergence in the mean (or ” strong ” convergence) 
dominates the theory. Nor is the analysis restricted to func- 
tions of a real variable. The theory of self-adjoint transforma- 
tions centres around the integral 

>»3 
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where p(X) is a cotni^x function of bounded variation and I 
a complex parameter. The fundamental theorem required here 
is that p(X) is uniquely expressible by means of a contour 
intoalof l(/;p). 

The most important types of operators discussed by Stone 
are self«adjoint operators T, such that T — (the adjoint of 
T), unitary operators U, such that U^U -• I ^he identical 
opixation), ana systems of projective operators {E^}, such that 

ExEjt “ Ef.£;^ •“ if |i ^ X, 

£*-►0 or I, as X-^— » or + w, 

< £;^4.« E^I £*^ £a. 


Among the wealth of results obtained, it is difficult to single out 
any particular theorems for special mention, but probably the 
most important are those which g^ve the canonical form for 
self-adjoint and unitary operators. A brief sketch of these will 
serve to illustrate the methods employed in the study of linear 
transformations. 

If T is a self-adjoint operator, then for all non-real values of 
I, and possibly for some real values, T| >■ T — /I has a unique 
inverse Ti”*— R». In the theorem alluded to in the last para- 
mph we replace I(/;p) by the scalar product of 

Ri/ and g, where / and g are any two elements of the Hilbert 
space. It then follows that there exists a unique function 
PU i/» g) such that 

(R*f> g) - •f> S)' 


It can then be shown that there exists a system of projective 
operators, {£a}, such that 


. P(^;/,^) - (Ea/,^), 

whence 


We now define a projective operator £• and an element /• Iqr 
the eqiutions 


£* — £/»-£, (a < fi) 

ir,g)^ll>^(E,/,g), (aUg). 

Then 

(R,(/’-IEV).g)-(£’/,g), 

u. Ricr-ffi*/) -£•/, 

and (T-HjE*/ 

Hence TE*/ -/•, 



and 
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Since this is true for all a and if a-»- — <0 and + co 

and 

f+“ 

T-J^^XdE*. 


This is the canonical form of a self-adjoint op^ator T. 

If U is a unitary operator, its spectrum, i.e. the set of its 
" proper values,” lies on the unit circle |/| •<■ i, and its discrete 
spectrum, i.e. the set of values of / for which U — /I has no in- 
verse, is at most enumerably infinite. Hence there exist points 
on the unit circle which are not proper values of U. If { is 
such a point, there exists a unique self-adjoint operatcH* H such 
that 

H — tl 

U— f transformation.) 

Hence for any pair of elements / and g, 


If we introduce a new variable \l and a new set of projective 
operators {F„} such that 


X — cot wji and F,* 


0 
E* 

1 


tt<0, 

0< |i< I, 
I < Pf 


then 




and a trivial transformation brings this to the canonical form 



s*"' dG,. 




where A is the self-adjoint operator whose canonictd expression 
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These two exampilcs wiH suffice as illustrations of the general 
theory. In reviewing the hook in general terms it must be 
said that it is an enceediiwly thorough and penetrating in* 
vestigation, in which no difficulty is s&fced <a evaded. ' The 
fundamental properties of linear operators are expounded with 
the utmostgenerality and rigour. But this is not an easy work 
to read, l^e high standard of strict mathematical accuracy 
which the author has set himself necessitate lens^hy enunda* 
tions of his theorems and often causes the line of argument to 
become entangled in the intricade of *' epsilonology.” It is 
almost necessary for the reader to peruse Stone's three original 
papers in order to obtain a clear bird's-eye view of the whole 
subject. Once the promised land has thus been viewed, he will 
be recondled to a long intellectual pilgrimage bef<H*e he enters 
into its possession. Although this is a heavy volume of more 
than six hundred pages, every serious student will wish that it 
were still longer and will await with impatience the publication 
of the promised supplement dealing with the group theory of 
transformations in Hilbert space. 

A OBVTVmT III OOXAim yxixo V TXBOmTt ByFrof.W.PBDDn. 
D.Sc. areviewof VUcnsad CloloBrVMiMl,byR.A.HousTOtm, 

M.A., D.Sc., Lecturer on Physical Optics in the University of GIsskow, 
formeity Examiner in Physics in the Universities of Edinonrgh and St. 
Andrews. [Pp. 238, with diagrams.] ^tondon : Longmans, Graen A; Cio>« 
1933. Price i3r.) 

Wider interest than at any previous time is now bdng taken in 
both the thecH-etical and the experimental sides of colour vision. 
The subject is one common to three great branches of sdentific 
investigation — Physics, Physiology, and Psychology ; and each 
branch is at work on that subject from its own spedal point of 
view. This has the disadvantage of a tendency towards want 
of unity, and, not unfrequently, towards divergence of view. 
But, to counts this, there has arisen a desire for mutual con- 
ference — ^made effective, for example, in the recent discussions 
held under the leadership of the Physical Sodety. Nothing but 
benefft can in consequence arise in the way of removal of 
ignorance or misunderstanding. And in no branch of physics 
mis there been evident more misunders tanding reg^ding the 
devdopment of fundamental theory. That condition still 
persists to some extent after the lapse of a century of 
endeavour. 

Another source of advancement towards uni ty of view lies in 
ibe publication of textbooks or, more particularly, of mono- 
graph dealing with the subject. These, being written by 
specialists, usi^y advocate spedal views ; , but it is alwi^ 
through diversity that unity is to be readied. Dr. Houstoun's 
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book is of this datss. He e3q>licitly states that one object in its 
publication is to eiqiress his own theoretical views, and to give 
an account of expenm«ital work, partly his own, which has not 
yet ap{>eared in the textbooks. Thus, by medication, another 
object is to provide a textbook undmtandable by the great 
variety of interested readers. 

When one notes the small dze of the book, it becomes ob- 
vious that there must be brevity of treatment in any one part 
of the subject, with possibly omission or at least cominresston of 
many desirable things. It would be utterly imgenerotut to dwell 
upon these, where thW may occur, for separate <minions on such 
matters may be multifarious ; and there can be few guides more 
qualified than Dr. Houston himself. He has done his work 
well. His treatment postulates a knowledge of elementary 
physics, so that'tflaboration in explanation can be avoided. 

The first chapter deals profitably with the question of the 
units which are employed in the measurement of the physical 
quantities involved. A typical feature of the method of treat- 
ment of the whole subject appears here : no elaborate definition 
of adaptation is given — ^but its meaning is made clear. This 
matter is treated m further detail in the third chapter, in which 
the word threshold is introduced, also without stnct definition ; 
but, ^^ain, the meaning is made clear. Greater elaboration 
regarding the mathematical aspect of the thresholds, and the 
various quantities upon which their magnitudes depend, might 
be desirable ; for there is no more vital question, involving 
much and difficult expmmental work, in the whole range of 
colour vision. The tmrd chapter also deals with structural 
and physiolc^cal questions. 

In the second chapter intensity and its discrimination is 
treated. A special feature is the inversion of the usual dia- 
grammatic representation of the least perceptible fi'action of the 
change of intensity. Dr. Houstoun uses its reciprocal. It is 
to be noted, of course, that no intrinsically new information can 
be obtained in this way ; but, as Dr. Houstoun shows, it does 
enable us to represent diagrammatically the least perceptible 
stqps of sensation as equal co-ordinate steps — which is very 
useful. Furthermore — and this leads to one of his own special 
contributions on the subject — ^tt enables us to represent the 
magnitude of the sensation itself by an area on the diagram. 
He then points out that the form of the reciprocal curve which 
he has introduced closely resembles a probability curves and 
procMds to make an interesting, ana possibly important, 
triplication to the question of the mechanism involved in the 
transference of stimuli from the retina to the brain centres — 
udddi is further considtaed in subsequent chapters. His method 
giv«$ a result in good agreement with Fechn^’s law within the 
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suitable range of stimulation. This point wHl be alluded to 
ag^ below. 

Acuity of vidon and spectrum visibility are treated in the 
two succeeding dbapters, and Newton's law of colour mixture is 
dealt with in the smh chapter. In the next, the questions of 
discrimination of hue and of saturation are discussed ; and the 
possible unsuitability of the test used in the former is pointed 
out. Exactitude could be given by Helmholts's method 
modified, in accordance with Schrdoinger’s work, to take 
account of Abney's law. 

Flicker and recurrent phenomena, fatigue and after-images, 
are the subjects of the next two chapters ; while simultaneous 
contrast is dealt with in the tenth chapter. Here and there 
throughout the book experimental investigations carried out by 
Dr. Houstoun and his fellow-workers are described. In particu- 
lar those dealing with the detailed examination of colour-blind 
subjects may be noted in the thirteenth chapter, along with 
those dealing, in the eleventh, with the distribution of colour 
sensitivity amongst observers who have no failing colour. 

Efr. Houstoun sa^ : “ According to the original view of 
Hrimholta, described under his name in so many textbooks, 
these two classes should be the red blind and the green blind." 
It is too late now, except in an historical treatment of the 
development of the subject, to discuss the original view. To do 
so is useless ; for it was the first, because the simplest, Untaiwe 
assumption that was made ; and subsequently discovered facts 
regarding colour blindness early forced Helmholtz to replace 
Young's simple hypothesis of lapse of a fundamental sensation 
by that of fusion of two — ^thus accounting for the condition that, 
in so-called red or green blindness, we have to deal with yellow- 
blue vision. Later, yet well on to half a century ago, he gave 
the fullest possible extension to the postulate — and that is the 
present-day position. The colour corresponding to light of tmy 
one wavclei^h may vanish. Of course, if light of that one 
wavelength is colourless, so also must be light of the conqtle- 
mmtary colour. There is no limitation on the localisation of 
the particiUar failing colour. Thus the trichromatic thaory 
makes no distinction in kind as between one t3rpe of dichromasy 
and another. The name given to any type is merely a name 
conveniently expressing the colour region in which defidency is 
most pronunent. Thus Dr. Houstoun's conclusion from his 
tests is in entire accordance with the trichromatic theory. The 
thec^ can apply far b^nd any hitherto observed peculiarities 
of vision. 

The remaining two chapters of the book deal with theonr, 
and so are more controversial. In order to understand the 
position accurately, we have to recognise dearly that, while we 



A CENTURY IN COLOUR VISION THEORY 709 

can exactly matdi a colour by means of three txopo']^ selected 
colours taken as fundamentals, we can equally well do It by fbur, 
five, or any greater number — though not equally simply. But 
it is quite possible, so far as we know, that the mechanism trans> 
mits, say, four stimuli — and may do so possibly to four brain 
centres. The one thing that the recogmsed tripfeness of stimidi 
proves is that these four transmitted stimuli, or the four central 
activities, orv noi independent. There must be some cross- 
connection or interaction which reduces the four freedoms to 
three effectively. This is usually|implicitly, though not explicitly, 
reragnised in the theories of multichromasy. Thus Heimholtx 
pointed out to Hering that his six fundamental freedoms were, 
because of the stated relationships, effectively equivalent to 
three independent freedoms only ; and he wrote down the 
relations which enabled the transformation to the equivalent 
trichromatic set to be carried out. 

The same condition holds with regard to the theory of Mrs. 
Ladd-Franklin, and to the one which Dr. Houstoxm elaborates in 
his concluding chapter. In Mrs. Ladd-Franklin's system there 
are two relationships amongst five quantities, making them 
conduce also to three independent sensations only, /md Dr. 
Houstoun imposes a relation on the number of fibres which are 
affected by two pairs of his four fundamental stimuli. But, by 
his relation of sensation to the number of fibres stimulated, this 
imposes a single relation upon the four sensations, reducing them 
also to three independent sensations. To say this does not 
detract from the real value of his system, which lies in the fact 
that he relates it to a definite mechanism. Mrs. Ladd-Franklin's 
system is similarly related. Dr. Houstoun’s is quite new and 
most interesting, and well worthy of full consideration, especially 
in connection with his interpretation of the form of the sensi- 
tivi^ curve. 

But it must be noted that certain phenomena, such as the 
time variation of threshold values, require e:iq>lanation in a way 
that has not yet been developed by Dr. Houstoun in connection 
with his model. And it must also be remembered that Fechner 's 
initial, and Helmholtz's fuller, treatment of the threshold 
variation, as due to the so-called self-light, furnishes a single 
sdieme of explanation at least as adequate as that given by 
Dr. Houstoun. Its completeness is remarkable. Yet he (p. 38, 
foot) at any rate seems to imply that the trichromatic thecoy is 
tied down to the postulate that sensation is proportional to the 
logarithm of the intensity. All that can have occurred is that 
tterai:^ of applicability of that unmodified law may have been 
Ofcrestunated ; but a test of Helmholtz's second approxima- 
tfoa leaves Uttle room for that supposition. 

It was a most unfortunate thing that Hefanholtz’s great 
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work in advancement of the early tentative postulates remained 
nnknown, or at least unattmidra to, for about a quarter of a 
century^—even by upholders of trichromasy. To some able 
wm-kers, sudi as Dr. Houstoun, there seemed to be in oonse* 
qumce certain insuperable objections to the theoiy, so that 
th^ turned their attention to the possibilities of multidu>omasy. 
And the resultant bias has remained with Dr. Houston as a 
deterrent, even though he has become acquainted with the 
advancements. He refers fully to the abandoned work, and 
seems to refer almost grudgingly to the developed work. And 
this has led him, a weU-meaning critic, to misunderstanding of 
the bcois of the theory. 

He says that there is some confusion as to what the Young* 
Helmholtz theory actually is. To trichromatists this is not so. 
Helmholtz was extraordinarily careful to point out his postu* 
lates, with classification of them as essential or imnsential. 
And Ihr. Houstoun’s uncertainty as to the essentialities has 
led him to put forward two arguments against trictoomasy : 
(i) as opposed to common sense, and (2) as mathematically un- 
sound. Surely such intellectual giants as Young, Maxwell, and 
Helmholtz might have been trusted not to enter upon unsafe 
territory of either kind. The first argument is that the two 
colour variables should be different in kind fi‘om the one 
intensity variable, so that the use of three variables of one type 
is wrong. But we can equally well represent the vector distance 
between two points by three length variables as by one length, 
and two angiuar, variables ; and Helmholtz’s invest^tion can 
be carried out in either form. Dr. Houstoun ties down the 
trichromatic theory far too rigidly. The issue of the third 
edition of Helmholtz’s great work as a reprint of the first, and 
not of the second, edition was most unfortunate. The dedsion 
was taken with great hesitation, and apparently on the ground 
that Helmholtz’s work on differential sensitivity was opposed 
to Abney’s law (now known to be very accurate) and so led to a 
wrong conclusion. But Abney’s law was non-existent when 
Hehnholtz did that work. He had not that law as aid. Had 
he possessed it, he would undoubtedly have completed the 
^oblem exactly as Schrddinger has done a few years ago. But 
a readix of Dr. Houstoun's book might be led to conclude that 
Schrddinger’s work was destructive of the trichromatic theory 
^tead of being constructive towards its completion in an 
impcxtant direction. And that work actually enables the 
result to be expressed, as Dr. Houstoun desires, in terms of one 
co-cudinate leni^h and two co-ordinate angles representing 
respectively the intensity, the hue, and the saturation. If we so 
dcure we can take these three vectors as three oo«or<Unate 
recta ng ul ar vectors In a fresh colour-space ; and so realise 
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Hdmholtz’s aim in his great attack upon the subject unaided by 
Abn^’s law. 

Dr. Houstoun's mathematical argument proceeds ott the 
assumption that sensations siun algebraically. This destroys 
his argument entirely : the summation is veciorieU, In Im 
reasomng, however, Dr. Houstoun makes another assumption, 
which is not essential, but leads to his wrong conclusion. 

Incidentally Dr. Houstoun remarks, on the psychological 
aspect, that introspection may be a very unsafe gmde. It only 
leads to postulates which may be either right or wrong, and have 
to be tested by non-introspective processes. That sensation 
can be measured is certain. The single uncertainty is with 
regard to a scale. One alone, as writh measurement of any 
sensation, is available — ^the psychological scale of just percep- 
tible steps, taken as equal. Variation of thresholds causes varia- 
tion of these steps. It is for this reason that the investigation 
of threshold values is the most fundamentally important direc- 
tion at present for experimental inquiry. But, in making 
observations, the attempt is always made to keep the thresholds 
constant. And measurements made under such conditions are 
found to give consistent results. 

Measurements in terms of three standard stimuli are found 
to be sufficient to express all visual sensations. That is to say, 
any such sensation can be expressed in magnitude and miality 
as a function of three independent variables, taken as funda- 
mental. We can therefore choose three of these functions as 
independent fundamental sensations, and express any otho* 
visual sensation in terms of them. That is the final expression 
of the trichromatic theory ; which thus relates the measure- 
ment of sensation to the measurement of stimulus — ^the only 
two measurements which can be made of the only two observable 
entities. 

Any fourth sensation, being expressible in terms of the three 
which have been selected, cannot form an independent fourth 
fundamental, though it may conceivably be employed for 
special purposes. 
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Bdttdi AwodattoB HaflMiiutioal Tablai. Vol. II. 
(London : Office of the British Association.) 

The tables give the aolntions of Emden's equation — 
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subject to y ■■ 1, 3/' — o when ;r — o, for n — i, 1-5, 2, 2*5 - - . 5. The 
equation is fundamental in the theory of the constitution of stars. The 
method of solution is due to J. R. Airey. and has been carried out by D, H. 
Sadler and J. C. P. Miller. The derivatives are found by difierentiating the 
original equation, and are then used to extrapolate by Taylor’s theorem. 
The supplementary table of Taylor coefficients at the end will have a wider 
application. 

Harold JxmxYS. 


Plane Algebraic Curves. By Harold Hilton, M.A., D.Sc. Second Edition 
[Pp. XV -f 390.] (Oxford University Press, 1932. Price 285. net.) 

The first edition of this work on Plane Algebraic Curves was published by the 
Clarendon Press in 1920, and the greater part of the present edition has been 
reproduced by photographic processes. Ibe book divides naturally into two 
pi^, the first part of which, namely Chapters forms the general intro- 

duction, while the second part, namely Chapters XllI-XlX, gives a more 
detailed treatment of the special properties of cubic and quartic curves. The 
last two chapters deal briefly with the theory of circuits and the general 
theory of correspondence, with special reference to the reality of Ihe sin- 
gularities of plane curves. 

Prof. Hilton’s work is too well known and too highly appreciated lor it to 
be necessary for a reviewer to do more than refer to the classical position 
occupied by this treatise. Its characteristic features are an unparalleled 
wealth of examples and a generous number of illustrations of particular 
curves. An adequate index adds still further to the obligations of aQ students 
of algebraic geometry to Prof. Hilton. G. T« 


Frojeotive Differential Geometry of Curves and Suifaois* By Brkest 

Preston Lane. [Pp. xi + 321.] (University of Chicago Press, X93e* 
Price 22s. net.) 

The position of projective differential geometry in a modem classification of 
the mathematic^ sciences may be defined as follows. Following Klein we 
now understand by a branch of anal3rtical geometry the study of those 
geometrical properties which remain invariant under some prescribed group 
of point transformations. Thus the various branches of geometry are dia- 
tin^ished by their associated groups of transformations. Euclidean metrical 
^metry is associated with the group of translations and rotations; non- 
Eudidean metrical geometry with the congruence group which leaves invariant 
a fixed quadric (the Absolute), Affine geometry is determined by affine 
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group* i,$. tiM gmml linear group which preaervea invariant the etementa 
of votume. Projective geontkry ia determined by the projective group* 
4^. the general linear group in homogeneous co-ordinates, rinally we note 
that analyaia attus and the geometry of the absolute differential calculus study 
the propertiee which remain invariant under any punctual transformation 
vdiataoever. 

Oeometries may be further classified as integral or differential accordingly 
as they study the properties of an extended form or local properties character* 
istic of the neighbourhood of a point. It is a remarkable fact in the history 
of mathematics that the differential branch of orojective geometry was so 
comparatively late in developing. The kind ol property discussed in this 
subject may be inferred from the following elementary illustrations taken 
from the different branches of geometry enumerated abwe. 

In plane metrical geometxy the fundamental integral invariants of a 
segment of a curve are ^e arc-length s and the angle of contingence ^ between 
the tangents at its extremities. The fundamental differential invariant is the 
curvature k — d^jds. In plane affine geometry an invariant corresponding 
to the arc length may be defined as follows. If ;r - x{t), y y(t) are the 
parametric equations of the carve, we can choose the parameter t so that 

X* y" ^ 3 ^ y* ^ 1 {x* « dxjdt, etc.). 

The parameter thus chosen is invariant under any affine transformation and 
is an integral invariant of the curve. It follows at once that there exists an 
invariant function A(/) such that 

x>^' + kx* - o, y'" + ky - o. 

is the differential invariant corresponding to Thus, for the ellipse 

X a cos tvf , y 6 sin wf, 

t will be the '' affine arc-length if dbu^ - i. The affine curvature is then 
seen to be a constant, A - (x/od)*/*, depending on the area of the ellipse. 

In plane projective geometry it is necessary to search much more deeply 
for the necessary invariants. We shall use homogeneous co-ordinates, 
{Ml, Xg, Xg), and their non-homogeneous ratios x - x^Jx^, y « xjxj. The 
equation of any analytic plane curve C through the origin being wcitten in 
the form, 

y-ajX-l-agX* + . . 

it can be shown that, with a suitable choice of the triangle of reference, the 
coefficients in this expression will be absolute (differential} invariants of C in 
the neighbourhood of the origin. 

One vertex of the triangle of reference is taken to be the origin P (x, o, o). 
One side Xg «« o, iS the tangent to C at P. Now construct the cubic Q wUcn 
intersects C at P in eight Occident points and which has a node at P. One 
nodal tangent of Q is Xg o. We take the other nodal tangent to be the line 
Xg M o. Everynodal cubic has three coUinear inflexions. We take the line 
of inflexiozis to be the line x^ - o. Finally, the scale of homogeneous co- 
ordinates is fixed by taking as the unit point (i, x, x) the point distinct from 
P which is common to the osculating conic K and the osculating cubic at P. 
The equation of the eight*point nodal cubic Q will then be x* + ay* - sy o« 
The conic K will bey x*, and the equation to C will be 

The coeffidents e and b axe now absolute invariants of the curve, and in terms 
of these ootffidenti we can establish a projectivdy invariant clajanflcation. 
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The projective differential geometry of curves in space, of ruled surfaces, 
and of other surfaces can be developed by similar but more complex con- 
^derations. Prof. Lane wisely commences his work with the synthetic method 
(due to Halphen) sketched above and later introduces the more abstract 
researches ox Wilcxynski and Fubini. The whole subject is rath^ difficult, 
and the author deserves great praise for keeping geometrical realities in the 
foreground and for refusing to he dominated either by Lie's theory of trans- 
formation groups or Ricci's theory of quadratic differential forms. The 
exposition is made clearer by a fair number of diagrams, numerous exan^les, 
and a detailed index. G. T. 


The Theory ol Functions. By £. C. Tttchmarsh, M.A., F.R.S. [Pp. x 
454.] (Oxford University Press, 1932. Price 25s.) 

In the preface of this work Prof. Titchmarsh says with disarming directness 
that this volume consists of some rather disconnected introductions to 
various branches of the theory of functions both real and complex. It is true 
that this work does not pretend to provide a systematic account of the vast 
theory of functions and that it does not, therefore, compete with such treatises 
as those of Forsyth or Bieberbach. Nevertheless it is a most valuable 
contribution to the literature on the subject, and that for the following 
reasons. 

In the first place, as regards the style in which this book is written, it may 
justly be compared with littlewood's Theory of Functions of a Reed Variable, 
although, needless to say, the present book l^ars more closely on the subject 
indicated by its title than does the book by Little wood. Both books are 
written to supplement a definite course of lectures, to save students the 
labour and distraction of taking notes during the course of the lecture, and 
thus to allow the lecturer much greater freedom in the development and 
presentation of the subject. The treatment of the subject is beautifully clear 
and simple, the mathematics is well set out, and the book is enriched with 
numerous examples, many of which are drawn from recent researches in the 
subject. 

This last remark suggests the second reason for the great value of this 
volume. It is that this b^k is evidently designed to acquaint the students as 
rapidly as possible with these researches which are at present being conducted 
in theory of functions, and to place in his hands all the tools which he will 
require for the initiation of his own original research. To this end a great 
de^ of the xnaterial in classical treaties of the Theory of Functions has been 
deliberately sacrificed. One striking omission, which is probably explained 
by this object, is that of any reference to the theory of algebraic funct£>ns, or 
of automorphic functions. Interesting and important as these topics are, it 
is dear that they do not at the present day attract very many young 
investigators. 

In drawing up this introduction to the theory of functions. Prof. 
Titchmarsh has had to choose very carefully among different subjects which 
present themselves for study. The plan of the work is as follows. After the 
introductory chapter on infinite series, products, and integrals, he proceeds to 
consider the theory of functions of a complex variable ab initio, and rapidly 
reaches the boundary of modem knowledge in the chapter on the Maximum 
Modulus Theorem, integral functions, and Dirichlet series. The last four 
chapters give an account of the theory of Lebesgujs integrals, and the appli- 
cation of this theory to Fourier series. Probably every reviewer of thja work 
will complain of the omission of certain branches of the theory of functions, 
but the author's purpose will have been achieved if the students reading this 
vidume are thereby encouraged to study those other topics which have been 
unavoidably omitted from this book G. 



REVIEWS 


71S 


nmxcw 

The Aihotptkm tA OiM l»j toUdi. A Oeneral DtoeofiioiL (Fiftyniiilih 
General Biscusaion orgaxiised by the Faraday Society.) [Pjp. 318, 
with numerous text figures.] (London : The Faraday Sod^, 1932. 
Price 1$$. net.) 

Tkb form in which the Faraday Society publishes its discussions must by 
now be so well known as to make a review of their latest publication super- 
fluous if its purpose is merely to make known the form of the book ; but if a 
notice of a book is in any way to be taken as a compliment, few deserve it 
better than this. 

The choice of adsorption as the topic of the discussion at Oxford in January 
of this year was particularly happy, since in the previous year a number of 
new ideas, comprehensively descrit^ as the theory of ** activated absorp- 
tion/' had come very much into the question, and this conference was par- 
ticularly fortunate in attracting most of the protagonists of the new, and old, 
ideas to give their views in person. The interchange of ideas was very free 
and complete in the discussion which followed the usual summaries of the 
contributions, and was of the greatest benefit to those who were able to attend 
the meeting in parson. This publication, which includes an account of the 
impromptu contributions, now confers this benefit on all those who care to 
buy it. 

Included in this volume are forty papers, and in addition are given the 
discussions that followed them. They are arranged in three groups : the first, 
" Experimental Methods " ; the second and longest on " Kinetics and Ener- 
getics " ; and the last on Theories of Adsorption." There is singly no sub- 
ject which can be included under adsorption which is not mentioned. To 
give the names of all the contributors is not practicable, but of those which 
were more than summarising papers one should perhaps mention the 
important papers of Benton, Allmand, Taylor, and Kingman, which give the 
experimental evidence for the existence of activated adsorption ; the papers 
of Lennard- Jones, Volmer, and Polanyi, which help us to explain it ; the very 
interesting pa^rs dealing with acconunodation coefheients of Bonhoefier and 
Farkas and Koberts, and several papers dealing with the experimental 
methods, such as those of Becker, &deal, and Chariton Semenofi and 
Schalnikofi. 

There can bo even less chance of any effect of finality in such a production 
as this than in the more normal textbook, and the impression that the reviewer 
received at Oxford and had confirmed on reading this book was that the study 
of adsorption processes had entered on a new and potentially particularly 
productive phase. This study must be furthered by the possession of nearly 
all the relevant material in such a convenient form as this. Further, the 
conference undoubtedly produced agreement as to what was to be understood 
by the term " activate adsorption," so that no further misunderstandings 
due to a hazy nomenclature should be expected. 

It might have been esqpected that this form of publication, which is 
essentially not a connected account of the subject, but a series of papers by 
experts, would be difSicult reading, if not unintelligible to those without 
much knowledge of adsorption processes. This is the exact revecse of the 
truth, partly because of the three introductory papers that begin the different 
sections, and also because some of the most valuable are contributed 
by authors to whom the subject was a new one, and who, bringing fresh 
minds to the matter, have done much to simplify it. The Faraday Society 
ate to be congratulated on this book, which will be of the greatest value. 

O. H. W.-J. 
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BaoiBt AlvnM to 

VoL L Atomi» Koimilai, and Baotiwf. [Pp* xli 4* 360, with zzi figures.] 

VoL n. Quatam Xheorj* By Gabtano Castblfiukcbz« Professor in the 
High School for Eraineers in Milan. Translated by W. S. Stilbs, 
Ph.D., and J. W. T. Wal 8 B« M.A., D.Sc. [Pp. xii + 400, with 79 
figures.] 

Vol. III. KoiwAtoinie. By F. H. Nbwman» Professor of Physics, University 
College of the South-West. Exeter. [Pp. ix. + 378. with 31 figures!] 
(London : J. & A. Churchill, 1932. Mce 155. net. per volume.) 

Thbsb three volumes are reviewed together, as thev may fittingly be regarded 
as a summary of recent advances in modem physics. Therefore, at the 
outset, we are bound to pay a tribute to the authors who have been brave 
enough to attempt a task of such a magnitude. In addition, we must also 
consider, before adversely criticising any of these volumes, how great are the 
possibilities of failure. It is so easy to make a disjointed patchwork of 
extracts from important papers, so easy to stress contributions which are not 
of fundamental importance, so easy to condense the accounts of experi- 
mental and theoretical researches so severely that the results are absolutely 
useless to the general reader, so easy to miss altogether whole branches of 
physics in which one has not specialised, and, finally, it is so difficult to weld 
mto a homogeneous whole the maze of facts and theories which modem 
ph3r8ic8 presents. 

Consequently, it would be very remarkable indeed if a reviewer were 
unable to discover any flaws in these works. Again, since modem physics 
is here divided into atomic and non-atomic branches, some overlapping must 
inevitably be expected. Indeed, one feels that Prof. Newman was set a 
very difficult task in completing the story, for one naturally presumes that 
this was intended. 

Personally, the reviewer is inclined to regard these volumes as convenient 
guide-books to, rather than treatises on, modem physics. Therefore, he is 
not so much concerned with the possible criticisms that condensation has in 
many places been too ruthlessly carried out, but he is much more concerned 
in noting the correctness of the sign-posts, as it were, and, therefore, in mi^ictug 
sure that references for further reading are everywhere completely given. 

For example, in the discussion of the variation of the ratio of the charge 
to the mass of an electron with velocity, it is stated that the cause of this 
variation is to be found in Einstein's theory of relativity. Here, the reviewer 
would recommend that some indication should also be given that the va^t^n 
may be deduced from the experimental fact that radiation exerts a pressure. 
Again, in Castelfranchi's discussion of superconductivity, excessive condensa- 
tion appears to be the cause of two extraordinary statements on p. Z72, 
voL ii. whore the author seems to forget that heavy currents flowing to coils 
of wire produce magnetic fields sufficiently powerful to destroy super- 
conductivity. 

The arrangement of the subject-matter in mass-spectroscopy is rather 
unusual, for a discussion of the packing fraction precedes the description of 
mass spectrogrwhs, and, frankly, the description of Dempster's ins&ument 
is confusing and inadequate. Castelfranchi occasionally makes a very naive 
statement, sudi as when he advertises the work of an Italian worker on 
X-rays, and when he rives a reason for omitting a description of the results 
and technique of the Vienna workers to radioactivity. 

A vtarv good account of the theory of the Zeeman effect, and of many 
aspects of modem magnetism, is given to vol. II, although no leference later 
Hian that of Beck (wrongly given as 1929 instead of 1919) is given to experi- 
ments on the gyromagnetic effect An excellent account of wave medbraics 



REVIEWS 717 

and quaatimi mechanics, together with their applications, is also given, but 
one would like to see a better photograph of electron difhactkm mgs. 

The faults which are to be found with Prof. Newman's book are mainly 
those of omission. For instance, we will consider his lists of references. 
We would certainly have expect^ some reference to £. G. Ridhaidson's 
textbook on sound at the end of the chapter on acoustics. At the end of 
the chapter on low temperatures we are surprised that the bibliography 
consists of just one well-lmown English work on heat and thermod3mamto ; 
what about German sources of information ? Again, no reference to Debye's 
magnificent article on magnetism in the Handbuch der Radiologie is to be 
found in the bibliography to the chapter on magnetism. 

Now, the chapter on magnetism is very well written, and may be strongly 
recommended to students. The diagram on p. 286 should, however, be 
accompanied by some indication that it is not generally accepted. The 
reviewer is not at all sure that any simple ferromagnetic substance gives a 
straight line when the reciprocal of its susceptibility is plotted against tern* 
perature in the region above its ferromagnetic Curie point, "il^us, Terry 
years ago found very definite curves in the cases of iron, nickel, and cobalt, 
and now we have a thesis from Strasbourg in which it is stated that a 
series of straight lines are obtained for iron in the ^ state, and even this result 
is not regarded as final. 

Omissions are also made in the chapter on electricity, where opportunity 
might well have been taken to insert some valuable informatmn on the 
experimental determination of dielectric constants, and where, too, the 
subject of atmospheric electricity might have been more adequately discussed. 

These criticisms, however, can easily be met in a future edition, if, as we 
expect, the utility of these volumes — so excellently printed*— is properly 
appreciated. L, 

Beotrical Phenomena in Oases. By K. K. Darrow, Fh.D., Research 
Physicist, Bell Telephone Laboratories. (Pp. xvii + 493, with 4 
plates and 91 figures.] (London ; Ballidre, Tindall ft C«, 1932. 
Rice 42s. net.) 

Tills most excellent book on electrical phenomena in gases is written in a 
most engaging style. One feels as if somebody had approached the author 
and had a&ed him to talk about these complicated but absorbing matten. 
The result is that one has the feeling that one is listening to a Mlliant con- 
versationalist the whole of the time that these pages are being perused* 
This is not meant to give the impression that the work is " chatty " or in 
any way superficial. It is meant rather to convey the idea that the reading 
of such a la^e amount of new and unfamiliar material, which would other* 
wise tend to be somewhat tedious, is considerably facilitated by style which 
the author has adopted. 

For the material in this book must be regarded as new and unfismiUar, 
at any rate, to those who are not actively engaged in research on electrical 
diacharm in gases. The old divisions of this subject are raj^dly disappearing, 
the okf measurements have nearly all disappeared. Thus, our fathers 
measured potentials in discharge tubes with probes, perhaps with feelings of 
despair, but at any rate often without realismg in the slightest degree that 
they were using their probes in a most unsatisfactory manner. The Langmuir 
method of using probes has completely dbanged many of our conciq>tioiis of 
the electrical discharge, and, accordingly, much of the book is devoted to 
this method and its findings. 

Again, the usual data on the mobiUties of ions are absent from this book ; 
for have not Tyndall and his collaborators spread the disquieting news tiiat 
nearly all measurements of ionic mobilities are incorrect r The date most 
be ooUected anew, using gases of imbeaxd«of degrees of purity. 
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Indeed, the author is so concerned with results and their interpretation 
that he often appears anxious not to trouble us unduly with experimental 
details. Perhaps he is right, but the only adverse comment the reviewer 
would make is that he sometimes gives the impression that he is not happy 
when he is describing experimental procedure. 

The arrauffement of his material is the outstanding feature of the book. 
Indeed, it is in keeping with the reputation which the author's excellent 
r^um^ in the Belt System Technical Journal have gained for him. He 
realises that the state of the gas in the di^harge tube is of paramount import- 
ance, and he therefore starts with a detailed, complete account of the various 
processes of ionisation and of excitation and of energy interchanges between 
neutral and charged particles. 

Then come the theory of drift, the theory of the behaviour of an ion under 
the influence of an electric field, and the phenomena of diffusion and recom- 
bination of ions. The author is then ready to introduce ** the profoimder 
mysteries *' of ionisation by collision and the self-maintained discharge. In 
all cases is the available material set forth and most critically analy^ and 
sifted. Then come the phenomena peculiar to electric fields distorted by 
space-charge, and these are very beautifully described, with an eye to the 
fact that the explanation of these phenomena will help considerably in our 
understan^ng of the luminous discharge, to which the remainder of the book 
is practically devoted. 

The description of the phenomena occurring in the positive column is the 
best the reviewer has ever read, and the description of the phenomena of the 
cathode dark-space phenomena is also very distinguished. The reviewer, 
however, feels a little unhappy concerning the interpretation of the pretty 
experiment " of the wheel with suitably-oriented vanes kept in continual 
rotation by particles stopped on their way to the cathode. The final chapter, 
on the arc, forms a fitting ending to the book. 

The author states that he cannot flatter himself that he has mentioned 
everything which should find place even in a book no longer than this one. 
The reviewer can only say that, in his opinion, the book is one of the most 
interesting he has read, and that if any important investigations have been 
omitted, it will need a very narrow specialist to indicate them. 

This book will be widely read ; but it is to be regretted that its price will 
effectively ensure that it will be confined to the libraries of public bodies, 
at any rate, in England. 

L. F. B. 

The TheoTF ol Eleobio end Megnetio lusceptlbilltiei. By J. H. van Ylbck. 

[I^. xii -f 384.] (Oxford ; The Ch^endon Press. Price 305. net.) 

Thb present is the third volume of the International Series of Monographs on 
Physics published by the Oxford University Press, the others being the out- 
standing works of Dirac on Quantum Mechanics and of Gamow on Atomic 
Nuclei It is a first-rate production : the subject-matter is admirably 
presented, while the general lay-out, the t3^graphy, and paper make the book 
a pleasure to handle. It may be said that the wl^le treatise displays those 
indefinable but universal qusJities which elevate a mere scientific text into 
a work of art. 

The introductory four chapters are devoted to the classical theory, the 
^maining n^ being an index to the achievements of the quantum mechanics 
in the fields indicated by the title. The appeal, however, is to wider interests 
than are suggested, and the text in gene^ offers a readable and compre- 
hensive survey of atomic and molecular structure. The mathenkatical 
foundations are rigorous and complete, but a first and casual impression 
should not be allowed to deter a reader whose mathematical eqidpinent is 
small, since the various theorems and the deductions from them are in all cases 
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dearly stated, and stand out well from what the same reader might regard 
as a mathematical base. 

A delightful feature lies in the imaginative criticism of eadsting theories 
and experimental data, the references to both being up-to-date and thorough. 
We may dte, for example, the discussion of the various dispersion iormulas 
(p. 51) : in the case of the COg molecule we find considered the optically 
inactive ** fundamental characteristic of the Raman spectrum, and even a 
remark upon the application of Fermi's very recent work on the perturbation 
due to degeneracy consequent upon the coincidence of certain frequencies. 
Here again, as elsewhere, paucity of experimental data is indicated, andiresh 
fields for research are pointed out. The footnotes throughout are remarkable, 
and contain valuable criticisms and suggestions which, had they been in- 
corporated in the main body of the work, would have exilarged it by another 
volume. 

A stimulating comparison is made between the results of the classical and 
quanto-mechanical methods, certain of the former being rehabilitated. As 
an example of a case where the older fail, one may refer to the absence of 
magnetic susceptibility when classical Boltzmann statistics are applied com- 
pletely to any dynamical 83rstem : the clear and illuminating discussion of 
Miss van Loeuwen's theory (p. 94) is typical of van Vleck's happy treatment 
of his subject. As the author points out in his preface, the use of wave 
functions and matrices is correlated and intermingled ; the construction 
of the Heisenberg matrix from the wave functions by the process designated 
as fundamental quadrature (p. 129) is outstanding, and probably afiords the 
best available presentation of this correlation. The use of a script t3q)e 
symbol for the Hamiltonian operator (necessary in distinguishing it from the 
magnetic field) is perhaps the one point open to criticism, inasmuch as the 
symbol in question hardly emphasises the prominent part it plays, and makes 
some of the more complicat<^ expressions difiicult to grasp as a whole on 
first reading. 

In connection with the more general problems of atomic and molecular 
structure one may note the subjects of spectral notation, Russell-Saunders 
coupling, the Pauli exclusion principle, the exchange efiect, the Kerr and 
Fanulay efiects, and Raman scattering, which are all summarised and applied. 
Again, as might be expected from reding van Vleck's original papers in the 
Pfooeedings of the NaHonal Academy of Sciences and in the Physical Review, 
the chapters on the more particular problems of dia- and para-xnagnetism 
are distinctive amongst most writing on similar subjects, in that it is possible 
to see what the author is driving at, and one is not left with the impression of 
a mass of isolated definitions and unconnected experimental data. 

C. R. Bailby. 

Lehrlmoh dsr Fbyiik. 11 Auflage. Vierter Band. Zweiter 
Teil. Technische .^wendungen der Elektrizitfitslehre. [Pp. xvi -t- 
463, with 44X figures.] (Braunschweig: Friedr. Vieweg & Sohn. 
Akt. Ges., 1932. Price geh. R.M. 30, geb. R.M. 33.) 

Thb huge advances in the technical applications of electricity and magnetism 
in recent years have made imperative the inclusion of the present volume in 
the eleventh edition of this famous Lehrbuch. Obviously, its scope had to be 
restricted to giving the physicist a general outline of the newer activities of 
the electrical engineer and of the new mataials and appliances with which he 
deals, and we conmtDlate Prof. Siegfried Valentiner and his collaborators on 
the excellent results of their disciimumting choice and treatment of the avail- 
able body of knowledge. 

Their discrimination has been such that the reader is not over-burdened 
with lengthy articles on constructional details of electrical machineiy, but 
easodlent pictures are given sufficiently to acquaint him with its design, and 
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tba w r itten deecriptioBS are almost entirely ccmftned to tlie dabmtioii of the 
I^ysical pdnctplee on which that design is based. 

Natu^y, wireless telegraphy and the thermionic valve find important 
places in this book. The principles of action of the valve are painstakingly 
described^ and particular attention is paid to the production of Barkhauaen 
oscillations and to the technique of high-frequency measurements. A very 
good treatment of some of the modem aspects of cable telegraphy and tele- 
phony is also given, but we should have expected much more reference to the 
use of ferromagnetic materials of high initial permeability in cable work, in 
view of the huge amount of research on these materials which the cable com- 
panies appear to encourage. F. B. 

The Interpretation cS the Atom* By Prof. F. Soddy. ppp. xx + 355. with 
73 illustrations and 2 folding charts.] (London ; John Murray, 1932. 
Mod 21s. net.) 

T&is work is eminently suitable for the general reader who seeks an insight 
into the phenomena of radioactivity and their bearing upon the development 
of chemical knowledge. Indeed, Prof. Soddy presents an extremely well- 
written account of the modern aspects of chemistiry, which is well illustrated 
and delightfully easy to read. There is a little misstatement on p. 283, 
where it is recorded that for accurate counting by the scintillation meth<^ 
not more than three or four a-particles must strike the screen per minute ; 
it is easy, df course, to deal with thirty per minute. 3^ 

Tha Glaaiieal Theory ol ffleotriolty and Magnetism* By Max Abraham, 

formerly Professor of Rational Mechanics at Milan, and revised by 
Richard Becker, Professor of Physics at the Technische Hochschule, 
Berlin. Authorised translation by John Douqaix. [Pp. xiv -f 285.] 
liondon : Blackie & Son, Ltd., 1932. Price 155. net.) 

The present volume is a translation of the eighth German edition of Max 
Abraham's well-known work. Vector notation is employed throughout, but, 
of course, it has been modified in the translation to make it conform to English 
usage. It is a volume which must command the serious attention of all 
teasers of advanced physics, for it is compact, contains little superfluous 
matter, and really makes an attempt to ^ve the reader a proper grasp of the 
more difficult theoretical aspects of electricity and magnetism, l^is attitude 
is particularly to the fore in the discussion of the dielectric constant, where, 
incidentally, the reviser might have seized the opportunity to put in Just a few 
words about the theoretical treatment of polar molecules. 

A pleasing feature of the book is the collection of examples — ^with answers 
and hints — at the end. They are headed by the quotation, ** But be ye doers 
oi the word, and not hearers only, deceiving your own selves — James i, 22.'' 
Zt is nice to realise that in physics the need of doers is for once admirably 
ncogniaed. L. F. B. 

Fblrifll. For Students oi Science and Engineering. Seventh Revised 
Edition. Edited by A. Wilmer Duff. [Pp. xiv + 68i, with 650 
illustrations.] (London : J. & A. Churchill, 1932. IVice 185. net.) 

Tins is a very pleasing textbook of physics brought up to date in this seventh 
revised edition by the odlaboration of six well-known American ^ysidsts. 
It is amnoximately of that standard which in England is termed intermediate. 
The subject-matter is simply and clearly presented without sup^id^ of 
Wpifi l o n or of reiteration, and with vei^ little dufdication, in qdta « the 
namlMr of oontiibnton. 

The fict that this is the seventh edition— the first aj^eafsidiaipoS—Md 
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tbat the sixth ^tion has recently appeared in China, complete, except for 
the name and address of a publisher. Is sufficient evidence of its somidaess. 


She H ra et ni e of Molemiles. By P. Dbbys. Professor of Experimental 
Physics in the University of Leipzig. Translation by WnrxFXXD M. 
Dbaks. xii + Z90, with 5 plates.] (London : Blackie A Son, 
195s. Price 155. net.) 

This volume is the latest of that excellent series of translations of the dis- 
cussions which now appear to be a regular feature of the scientific life of 
Leipzig; they owe their existence, of course, to the immense activity of 
Prof, ^bye, who edits the volume. 

The pi^cular discussions here published took place in Z93Z. and they axe 
confined to problems of molecular structure. Thus K. L. Wolf discusses the 
problems of rotation about single and double carbon bonds, whilst R. Miecke 
discusses molecular vibrations as revealed by band spectroscopy. Their 
contributions are swported by F. Rasetti's paper on the Raman effect in 
a^itals. and by G. I^czek’s summary of the relationship between the intensi- 
ties of the scattered lines and the S3rmmetry of the molecular structure of the 
scattering material, and by his explanation of the polarisation of the scattered 
xadiation. 

Miss H. Sponer deals with the dissociation of molecules under the influence 
of light, whilst V. Henri deals with what is termed predissociation, and what is 
identified by the occurrence of blurred-band spectra. These blnrred bands 
R. de L. Kronig considers to be due to radiationless transitions of the molecule 
to continuous energy levels, and ho lays down a number of rules for their 
occurrence. Finally, the whole question of the electronic structure of mole- 
cules is discassed by G. Herzberg. 

The book is. as usual, excellently printed and illustrated, 

XaUsi ot Cnbie Crystal Stmotore, By I. £. Knaggs. B. Karlik. and C. F. 
Elam. With a Foreword by Sir William Bragg. [Pp. 90 H- blank 
pages for notes.] (London : Adam Hilger, Ltd. Price iis. 6d, net.) 
In compiling this little volume of X-ray crystallographic data of the cubic 
system the authors have taken a valuable share in shouldering one of the 
I^cipal tasks of modem structural research, that of replacing, or rather 
supplementing, existing collections of crystallographic data, such as the well- 
known Chemische Krtsiallographie of Groth, by corresponding tables of 
absolute dimensions and atomic co-ordinates in the space-lattice. The 
StrMkturhtricht of Ewald and Hermann is still the most heroic and com- 
pxehensive effort of this kind, but for such purposes as chemical analysis by 
X-rayB. facilitated by devices such as the ** Hilger Crystallograph ana 
interpretive chart, the present tables of cubic data should prove extremely 
useful, especially as they contain more recent results not contained in the 
SirukturbiHckf. Drs. Knaggs and Karlik have dealt with dements and 
compounds, while Dr. Elam has contributed a section on alloys. For 51^ 
substances of the former class and 156 of the latter we are given the composi- 
tion. space-lattice, lattice dimensions, and critical remarks, all arranged in a 
highly convenient form, while, of course, the list of actual literature references 
(over 900 just for the cubic system alone 1) is intended to be exhaustive. 
The authoni are to be congratulated on the successful completion of a task 
which there is a very naturd tendency to shirk, and Messrs. Hilger on another 
useful addition to their now extensive series of publications. 

In the Introduction (third line from the end) the letter S. as the inter- 
nattonal symbol for a simple lattice, should be replaced by P (primitive), and 
leforenoe X07. 56. should read W« H, Bragg instead of W. L» Bragg. 


W. T. AsnuRY* 
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nniifllMteraiidTt^ B7Fkxrf688orR*A.MuxncA»r, Fh.D. J^.x + 99 # 
with X4 figures on plates and in the text.] (London : Oxford Uni** 
veraity PttBB, 1932. Price 6s. net.) 

This little book contains the substance of the McNair lectures delivered by 
Prof. Millikan to the students of the University of North Carolina. It con- 
tains a broad survey of the development of our ideas relating to time and 
matter during the past three hundr^ 3^ar8 and concludes with a simple and 
sincere exposition of the author's faith in God. The historical aspects have 
been simplified so that the main facts stand out clearly in logical sequence, 
and the lectures must have been ideally suited to an audience of serious 
young people engaged in studies in which landmarks are only too likely to 
be ol^ured by masses of detail. Unhappily such students often find it a 
strain to purchase essential textbooks, and one cannot ask them to pay 6s. 
for a hundred pages on each of which the pleasantly large print occupies only 
4I X 2| inches. A pity indeed I O. W. 

Modem Physios. By G. £. M. Jauncey, D.Sc., Professor of Physics, 
Washington University, St. Louis. [Pp. xvii 4- 568, with 213 figures 
in the text.] (London : Chapman & Hall, 1933. Price 225. net.) 

This book is published in the United States and is described by its author as 
a second course in college physics. It is, in fact, the first book to contain a 
considerable account of twentieth-century developments in physics treated 
academically in a manner well within the scope of the pass student. It 
is therefore a v^ remarkable achievement. The subject-matter is largely, 
but not exclusively, electrical. On the electrical side there are chapters 
on alternating currents, the electro-magnetic theory of radiation, the electron, 
thermionics, photo-electricity. X-rays, the Bohr theory, critical potentials, 
radioactivity, and electrical resistance. In addition there are others on 
geophysics, astrophysics, the kinetic theory, relativity, specific heats (in- 
cluding Debye's theory), supersonics, and the old and new quantum theories. 
Numerical problems are appended at the end of most of the chapters, answers 
being given at the end of the book. With all this the author has found it 
possible to devote thirty-four pages to an historical survey of physics, another 
twenty-five to an exposition of the calculus, and others to photographs of, 
e.g., A. H. Compton and Werner Heisenberg. Much, of course, has been 
omitted, but the author knows how to teach, his treatment is scientific and 
not semi-popular, and his book is one which can be recommended without 
reserve to both teachers and students of physics. j)^ q 

Xhe Method of Dimensions. By Alfred W. Porter, F.R.S., Emeritus 
Professor of Physics in the University of London. [Pp. vii + 78, with 
9 diagrams.] (London : Methuen & Co., 1933. Price as. 6d. net) 

This is the second volume which Prof. A. W. Porter has contributed to the 
admirable aeries of monographs on physical subjects edited by Dr. B. L. 
Worsnop. The subject is one to wMch he has devoted considerable 
attention, and he is able to illustrate its application in many branches of 
physics by reference to his own work or to that of his students. The bo^ is 
divided into seven short chapters. The first contains an historical account 
of the method and, by way of illustration, its application to the simple 
pendulum. There is, however, no clear statement as to what is meant by 
d3mamical similarity. Chai^ II deals with the flow of fluids and contains 
an account of Lees* reductions of the observations of Stanton and Pannell 
on the flow of water and air through pipes, and of turbulent flow past 
obfltacles. Chapter III is concerned with surface tension ; Chapter IV ^th 
vibratittg systems, and Chapter V with heat and temperature (but without any 
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reference to the work of Rayleigh and X>aTi8 on convection). Electricily and 
Magnetism are disposed of rather summarily in the five pa^ of Chapter VI, 
and the book closes with a brief discussion of the position of mass considered 
as a fundamental entity. 

The only comparable treatment of the subject published recently in this 
couni^ is the much shorter one written by Prof, Levy for the DicHona^y of 
AppUid Physics, Few pockets, however, can provide a Dictionary and stUl 
fewer can house its first volume with any comfort. Professor Porter's bodk 
is conveniently designed for all. 

An Introduction to Applied Optica. VoL IL Theory and Oonstruetion ot 
Instnunents. By L. C. Martin, D.Sc., Assistant Professor of Technical 
Optics, Imperial College of Science and Technology, London. [Pp. 
viii -f 289, with a frontispiece, x plate, and 2x1 figures in the text.] 
(London : Six Isaac Pitman & Sons, 1932. Price 21s, net.) 

Tbb merits of the first volume of Dr. Martin's Introduction to Applied OpHes 
are now well known, and in the volume under review he proceeds in the same 
style to coxxsider the fundamental optical instruments, t.s. the telescope, 
microscope, and photographic objective. Chapters devoted to these subjects, 
together with two others on the photometry of optical systems and the 
testing of optical instruments, form substantially the whole contents of the 
book. The treatment throughout is comparatively simple and well suited to 
the needs of the student of physics who desires to know something of the 
realities of optical design but has no immediate intention of putting his 
knowledge to practical, or rather commercial, use. 

One chapter which should be consulted by every student is that dealing 
with the photometry of optical systems, for the treatment in all other books is 
quite inadequate considering the importance of the subject. The discussion 
here is very clear, and one can only regret that the examples given do not 
include that most familiar of all optic^ systems — ^the galvanometer mirror 
with its lamp and scale. Included in the book is a short list of errata in 
Volume I--one of them quoting the expression in that volume incorrectly J 

Those who have already added the first volume to their library will 
naturally purchase this, and they will not be disappointed. Others, making 
their first acquaintance with the author's treatise through its concluding part, 
will appreciate the desirability of owning the whole. 23^ 

Zha Prinoil^ai of Optics. By Arthur C. Hardy, M.A., Associate Professor 
of Optics and Photography, Massachusetts Institute of Technology, 
and Fred. H. Perrin, S.M., Instructor in Physics, Massachusetts 
Institute of Technology. [Pp. xiii + 632, with 319 figures in the text.] 
(New York and London : McGraw-Hill Publishing Co., 1932. Price 
36s. net.) 

Ttna book is issued as a volume of the International Series in Physics edited 
by Prof. F. K. Richtmyer, and is quite unlike any other book on the subject 
printed in the English language. The avowed purpose of the authors is to 
w the gap between textbooks of the r^^idly scientific type and those devoted 
exclusively to technical matters sneh as optical design, colour measurement, or 
ophthalmms. This end has been attained by a treatment which is largely 
descriptive ; mathematical formulae are quoted whenever necessary, but the 
proofs are generally omitted, especially when they are long or difi&cult. In 
this way room has been made for a vast amount of information which usually 
remains quite unknown to the university student The book is quite 
definitely one which should find a p^e in all college libraries. 

An ^tial chapter devoted to fundamental concepts is followed by six 
others dealing with geometrical optics, including aDerrations* the theory 
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of apertoret, and raolying power* Next comee a aeotbm of seven chaptere 
which might be titled Photometry: Ihe succesaive headinge are Radiation* 
U^t Sources, Bye, Photography, LIght-eensitive Cells, Photometry, and 
Omcx. These are followed oyau^-odd pages dealing with optical materials 
(indudiu, of course, optical glass) and the manufacture and terang of optical 
parts. Cbapters XlX-XXVll are concerned with optical instruments of 
aii kinds, and finally there are two chapters devotea to interference and 
polarisatfen. Subjects of mainty theoretical interest such as spectrum 
analTsis, electro-magnetic theory, and the Raman effect are omitted ; books 
dealing with them are readily accessible, while much of the information given 
here is otherwise available only in technical papers which the average student 
of pure adenoe has neither time nor opportunity to consult. 

It only remains to add that the authors have a thorough and up-to-date 
knowledge of their subject and that much of the book can be read in an arm- 
chair widiout the aid of pencil and paper* 

Phfaieal Piindplss of Heohanios and Aooustlos. By R. W. Pohl, Professor 
of Physics in the University of Gbttingen. Translated by Wxnivrxd 
M. Deans, M.A., B.Sc. [Fp. xii 4* 338, with 13 plates and numerous 
figures in the text.] (London : Blache & Son, Ltd., 1932. Price 
17s, 6d, net.) 

Tans book contains all the originality in experiment which the author*s 
companion volume on the Physical Principles of Electricity and Magnetism 
has lead us to expect from him, and we are glad to learn that a third volume 
on Heat and Light is to follow. Unfortunately the theoretical treatment is 
equally unorthodox, and the reviewer is of the opinion that, helpful as the 
book will undoubtedly prove to teachers seeking apt illustrations for their 
lectures and experiments for their laboratories, it is quite unsuited for use 
as a class^booh for English students unless they have already received a thor- 
ough training in the fundamental principles of mechanics. The definitions 
of force and mass and, even more, the systems of '' continental ** units 
described on'pp. 34-37 seem particularly unfortunate. Points of this kind are, 
however, of smaR importance compared with the freshness of the treatment 
of the subject once '^ese element^ (but controversial) points are passed* 
With so much that is novel it is difficult to make a selection of any particular 
points, but it may be suggested that anyone looking over its pages at his 
bookseller's to test its worth should glance through Chapter VIII on Acceler- 
ated S3nrtem8 of Reference and Chapter XI on vibrations — unless, indeed, 
It is desired to avoid a purchase 1 D« O W* 


Wavs Mfanhankis (Elementary Theory). By J. Frenkel, Professor at the 
Physico-Technical Institute, Petrograd. (Oxford : at the Clarendon 
Prm. Volume I, 1932. Price 20s.) 

This book is the first of three volumes forming a comprehensive treatise on 
Wave Mechanics. Each volume is complete in Itself, and the present volume 
is introductory to the whole subject, being entirely devoted to the elementary 
theory. These three volumes by Prof. Frenkel are an expansion of his well- 
known work Etn/HArung in die WeUenmechanik, The difficulty which Prof. 
Frenkel has set himself to solve is to bridge the gap between Clascal Physics 
and the Quantum Theory* The method of solution which he has adopted, in 
common with many otiw writeni on the subject, is to introduce the subject 
of Wave Mechanics by a detailed comparison of the corpuscular and undu* 
latory properties of light and matter. This method is probably the best lor 
a stuoent who is already imbued with ideas of classical physics, although it is 
to be hoped that future generations will be able to study the quantum theory 
directly without the intervention of classical theories* The first two chapters 
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of tidt book develop in tome detail tbe paralleftmi between the oorpnacnkur 
and wave theories of light and matter. An original observation due to the 
author is that Newton’s theory of ** Fits of Reflection and Transmissiofi^*^ 
viewed in the light of our present knowledge, seems to be an anticipation of 
the principle of indeterminacy. It is characteristic of Frenkel’s work ttot he 
stresses very strongly the analogy beween waves of light and probability 
waves of the quantum theory. In fact it appears from some statements made 
in these introductory chapters that the author regards these waves of 
probability not merely as convenient mathematical concepts but as physical 
entities, having as real an existence as waves of light and sound. The truth 
of the matter is, of course, that the wave functions of the quantum theory are 
simply the components of certain vectors defining quantum states, and that 
the picturesque fAm of the theory which results from endowing these waves 
with physiod reality is simply a confusion of mathematical technique with 
physical reality. 

This confudon has led the author to the unfortunate misunderstanding of 
Heisenberg’s theory of the ” Uncertainty Relations ” and Dirac’s general 
theory of Quantum States. The following quotation exemplifies Frenkel's 
general attitude : 

” Equally misleading is the expression which is becoming current that 
the observer ’ prepares ' the system which is to be considered. This ' prepara- 
tion ’ is ^ain a logical process and not a physical process produced by the 
observation.” 

It is quite clear from these two sentences that the author has not appp^* 
dated the fundamentals of Dirac’s treatment of the quantum theory. This 
theory, which is simply a summary statement of standard experimental pro- 
cedure in micro-physics, consists essentially in the prindple that we only 
know that a micro-physical system has a certain characteristic when we have 
just impressed that characteristic upon the system by passing it throngh a 
suitable apparatus. The ” preparanon ” of a physical system is essentiaiuy a 
real physicd process by means of which certain characteristics are impressed 
upon the system, as,s.g., when silver atoms are passed through an inhomo- 
geneous magnetic field and then emerge with quantised magnrac moments. 

Chapter HI of Frenkel’s book gives an account of the standard simple 
examples of the wave mechanics of a particle in a field of force. The usual 
examples are given, t.s. the reflection and transmission of waves through a 
potential discontinuity, the harmonic oscillator, and the hydrogen atom. 

The same chapter also gives an account of the method of the ” Protential 
Staircase ” which has been used by Hill, Krdnig, and Penny, and a brief 
account of the work of Gamow, Gurney, and Condon. 

Chapter IV deals with wave mechanics of the system of similar particles and 
develops the symmetry properties of the wave functions and the Pauli 
exclusion principle. 

The remaining two chapters do not, strictly speaking, form part of the 
subject of Wave Mechanics, but they are almost indispensable to a proper 
understanding of the quantum theory of gases and the electrons in metals. 

Chapter V gives a summary of statistical mechanics with particular regard 
to the quantum distribution laws. 

Chapter VI is mainly concerned with the theory of tbe electron gas and the 
theory of electrons in metals. The quantum theory eaters here only in the 
enumeration of the number of ” Complexions.” Frenkel has given an account 
of his own simplified method of discussing tbe conductivity of metals, and tbe 
book closes with an account of the theory of a gas composed of Phonons 
(quanta of sound) and the theory of a gas competed of J^otons. There is 
umortunately no index. 

It is a little difficult to review an introductory work of this kind prior to 
the jpublication of the atmaiuing two volumes of the complete treatise. It is, 

47 
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of course, an admiraUe smiimaty of all the phenomena which can be treated 
by the elementary methods of Wave Mechanics. The deliberate insistence 
on the waves as physical entitiea does seem to obscure to some extent the real 
significance of the quantum theory. It also seems unfortunate that this 
treatise should take its title from what is now an exploded analogy or at best 
a mathematical technique. G. X. 

cxsxxsniT 

Oheaadoal Analysis by Z-Bays and Its Applioations. By G. von Hsvssy. 
[Pp. 333, with loi figures.] (London : McGraw-Hill Publishing Co., 
1932. Price i8r. net.) 

Physics has a tendency to bear offspring which rapidly grow, leave the fold, 
and set up as sciences on their own account. One of the latest claimants 
to independence is X-ray analysis. Prof, von Hevesy was one of those 
distinguished sponsors, including Moseley, Darwin, and Bohr, associated with 
Rutherford at Manchester, who had much to do with the newcomer's birth. 
Since then he has taken a notable part in its upbrin^ng, and is well qualified 
to describe its present stage of development, especially in that aspect con- 
cerned with chemical analysis. 

The book is based on lectures given at Cornell University during his 
tenure of the George Fisher Lectureship in Chemistry, and is dedicated to 
Moseley. The first part deals with theo^ and technique ; it suffices for an 
intelligent appreciation of the potentialities, as well as the difficulties, in- 
herent in the detection and estimation of an element by means of its X-ray 
spectrum. The chapter on measuring the intensities of X-ray lines is a 
helpful addition to the usual description of X-ray tubes and apparatus. 
Another feature worthy of note is the series of comprehensive tables which 
are appended to Part I. We note that Prof, von Hevesy still considers, 
and rightly, we think, that Laby's estimate of the sensitivity of the method 
is too Mgh, although he hopes that some day, with improvements in technique, 
it may be too low. 

The second and third sections of the book particularise. The experiments 
which led to the discovery of hafnium, and the properties of the element, are 
set forth in detail. The deternaination by means of X-ray spectroscopy of the 
abundance of the sixty rare elements in igneous rocks is discussed very fully. 
Many physicists will learn with pleasurable surprise of the powerful way in 
which X-ray methods have been applied, in this connection, by the chemist. 
The relative abundance of the elements, the chemical composition of the 
solar system, and the ageless problem of the age of the earth are then treated 
in the light of a wealth of data. 

The book is illumined in parts by flashes of interesting memories. These, 
and the wide range of subject-matter, should make an attractive appeid, not 
only to the specia^t, but also to the more general reader. 

W. A. Wood. 

Perfumes, Oosmetios, end Soaps, with Espedal Refereuee to Syatheties, By 

W. A. PoucHBR, Ph.C. Vol. II, Fourth Edition. [PJ). xv -f 599, wirii 
37 plates and colour-chart inset.] (London: Chapman ft Hall, 
ftice 30S. net.) 

Ths publication of this volume so soon after the appearance of the former 
edition in 1929 is evidence of the increased interest now being taken in this 
country in that branch of applied chemistry which is concerned with the 
production of perfumes and cosmetics. 

The work is divided into two volumes. The first, of which the latest 
odition (the third, published in 1930) was reviewed in Scxxncs Progress in 
October, 2930 (vol xxv. No. 98, pp. 344-5}, is a dictionary of raw materials. 
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The second volume is of a practical ch^Tdx±tr, and treats of the manufacture 
of the majority of those t3rpe8 of perfumes and cosmetics in demand to*day. 

The bc^k is divided into two parts, one devoted to Perfumes, the other io 
Cosmetics. As the scope of the work is well known to all perfume and 
cosmetic chemists, it will suffice to indicate here the additions which have 
been made in the present edition. The most important, perhaps, are those 
to be found in the chapter on '' Soap Perfumery." Under the name of each 
type of odour, a classified list of the components which may be usefully em- 
ployed is given, as well as a selection of typical formulae. 

Other additions to this Part include ^ort monographs on Chypre and 
Gardenia perfumes, a selection from published sources of Continental 
formulae for the production of Chypre and lilac perfumes (types which are 
now very popular), and a new chapter on " Fruit Flavours." 

In the second Part, a number of alterations in the formulae will be noted, 
and there are short sections dealing with cholesterol hair lotions, skin varnish, 
and other modem products. Another novelty is the inclusion of a colour 
chart, by Mr. Reco Capey, A.R.C.A., showing a number of colours, distin- 
guished as "pigments," "tints," and "shades." which the author con- 
siders suitable for lipsticks, face-powders, and rouges, eyelid shadows, and 
eyelash pencils respectively 

Altogether, the new edition of Mr. Pouchor's work is a decidedly useful 
volume, which every chemist interested in the perfumery and cosmetic in- 
dustries will desire to place on his library shelves. 

H. S. Rsdgrovb. 

B^losiyes, fheir History, Manufacture, Properties, and Teats. By A. 

Marshall, F.I.C, Second Edition, vol. III. fPp. xvi + 286, 
illustrated,] (London : J. St A. Churchill, 1932. Price 425. net.) 

Thb first two volumes of this well-known treatise were published in 1917, 
and the present, third, volume has been produced mainly with the idea of 
bringing the earlier volumes up to date by including in it references to the 
great amount of information that has become available since the Armistice ; 
to enhance its usefulness the third volume has a complete index to the whole 
work, comprising about 4,300 entries. 

For this reason the present volume is necessarily somewhat scrappy," 
as its purpose is not to provide a textbook but a reference work to recent 
developments. The 40 short chapters are subdivided into 12 sections : 
historical, black powder, acids, nitric esters (solid and liquid), nitro compounds, 
smokeless powders, blasting explosives, properties of explosives ; special 
explosives such as service explosives and coal-mine explosives, stability, 
materials, and analysis, with an appendix giving the regulations of the 
German Railway Commission, and five pages of thermochemical data. (In 
passing, the paragraph upon Cuprene on p. 227 might be somewhat ex- 
panded in view of the number of patents issued for its production and use.) 
It will be seen therefore that the ground is well covered, and those chemists 
and laboratories which already possess volumes I and II will be well advised 
to complete these by acquiring the present volume, which reflects great credit 
upon author, printer, and publisher. 

F. a. M. 

lew Oonoeptions in Bioohemistry. By N. R. Dhar, D.Sc. (Lond. and Paris), 
M.&. (Cal.), F.I.C., Professor in the Chemistry Department, Univer- 
sity of Allahabad. [Pp. x + 165.] (Allahabad : The Indian Drug 
House, 1932. Price 75. fid. net.) 

The author states in the preface that in this book, which comprised a course 
of lectures delivered by him in the Patna University, an effort nas been made 
to discuss the general physico-chemical aspects of biochemistry which have 
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any bearing on metabolism. Tbe main thesis of the book is that many 
diseases are due to lack of proper and balanced oxidation of fats» carbo* 
hydrates, and proteins, and that exaggerated oxidation of one or other of 
these three clams of food materials in preference to the other two may lead 
to the incidence of several diseases. The author states it as his opinion that 
biological oxidations are induced reactions, and that there exist in the 
animal body readily oxidisable substances, such, for example, as glutathione, 
the oxidation of which induces the oxidation of, say, sugars and fats, while 
the oxidation of proteins may result from catalytic reactions at surfaces as 
illustrate by Warburg’s oxidation of amino-acids on the blood charcoal 
model ; he is of opinion that a case has been made out in support of the view 
that iron preparations, mild alkalis, phosphates, vitamins, internal secretions 
and light act as accelerators in the oxidation of food materials. The book 
makes quite stimulating reading, and contains a number of suggestions which, 
even if not accepted as proven, give food for thought ; on the whole the 
author gives quite a good account of the more recent contributions to bio- 
chemical knowledge, though he is, perhaps, little inclined to stress the reference 
to his own published papers. 

P. H. 

A Coarse of Praotioal Work in Agrionltnral Chemistry lor Senior Stodents. 

By T. B. Wood. J^Jew Edition, revised by H. H, Nichoi.son. [Pp. 
56.] (Cambridge : At the University Press, 1932. Price as. 6d.) 

This well-known little manual has reissued in substantially the same form 
as before ; this has been effected by the removal of certain portions of the 
original text and replacing them by new paragraphs dealing with the modern 
method of mechanical analysis, with the estimation of nitrates in soils and 
fertilisers, and with the lime status of soils — exchangeable lime, etc. Thus 
ln*ought up to date the book should enjoy a further period of usefulness and 
popularity, 

P. Ii« 

OEO^OGT 

Oaophyiies, 1081. Being Transaotions of the Sodety el Petndeam CNk>- 
phyiioisti, Vol. 1. Published by The American Association of Petroleum 
Geologists, Tulsa, Oklahoma, U.S.A. [I^. iv + 1x3.] (London; 
Thomas Murby & Co. Price I2.50.) 

This publication consists of a set of seven papers on the application of 
geophysics to the location of mineral deposits. The papers were presented 
at the annual convention of the American Association of Petroleum Geologists 
at San Antonio, March 21, 1931. They were contributed by practising 
geophysicists with the objective of summarising many of the problems which 
have recently arisen in the United States, and indicating the meriiod of 
attack evolved and the degree of success attained. Within the last two or 
three years, the di^culties of locating fresh deposits of petroleum in the 
United States have grown very considerably. Most of the shallow salt-dome 
producers have been found and tapped, and the search must now proceed 
among more complex structures which present complicated problems to the 
geologist and the geophysicist. Every refinement of instrumental develop- 
ment and analytical technique of operation and interpretation of the results 
must now be at the disposal of the geophysicist. 

Of the seven papers, two deal with the gravitational method of geophysical 
prospecting, two more are concerned with the seismic method, and the remain- 
ing three with the magnetic method, which last is a recogxiised preliminary 
to the previous two in dealing with suitable structurea. D. C. Bartcm di^ 
cusses die torsion balance survey of the BeUe Isle salt dome, and shows how 
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a fairly oorract estimate was made of the extent and distribution in depth of 
the cap rock of this dome. The predictions were subsequently verified by 
borings. R. H. Miller describes the torsion balance results obtained in the 
Los i^^geles basin, in the vicinity of an oil-field, and shows how they may be 
interpreted to indicate the increases and decreases in density in individual 
geological strata due to compressions and rarefactions arising from folding. 
This author stresses the inadvisability of assuming that a loosely consolidati^ 
bed, e,g. of sand, has a uniform density. 

E. McDermott gives a very clear review of the modern method of seismic 
prospecting by " reflection,** as distinct from the older " refraction,'* type 
of " shooting.*' The refraction method was a prolific locator of fallow- 
seated salt domes, but fails when deeper or more complex structures are 
in question. The reflection method involves a considerable refinement 
in instrumental capacity and analytical technique. On the other hand, 
B. McCollum and Wilton W. La Rue show how the presence of existing wells 
may be an important factor in extending the scope of refraction shooting, 
since these wells can serve as sites of varying depth tor recording seismographs 
of suitable design. 

E. D, L3mton descril>es the results of some test magnetometer surveys in 
California over t3rpical structure, e.g. an anticline, a syncline and a buried 
fault. W. M. Barret calculates the effect on a geomagnetic survey of a 
buried well casing, which is magnetised by induction under the influence of 
the earth's magnetic field. This author shows how disturbing magnetic 
components, of magmtude comparable with those of the anomaly sought, 
may arise in the vicinity of such a casing. J. H. Wilson describes a simple 
Brunton compass attachment for measuring the horizontal component of the 
earth's field with an accuracy sufficient for reconnaissance surveys. 

The papers which form this set of transactions should prove of consider- 
able value to practical geophysicists in other countries, since the equipment 
and methods described are of very general application. Geologists and 
mining engineers will also welcome the fullness of detail and clarity with which 
the geophysicists present their problems and solutions. The papers are for 
the most part free from abstruse mathematics and technicalities, but are in 
no degree " popular." 

E. Lancaster- Jones. 

■etaUnrgy. By Edwin Gregory. [Pp. xviii + 284, with x88 figures.] 
(London : Blackie Sc Son, Glasgow. Price 17s. net.) 

This is an elementary textbook on metallurgy for engineers. Parts of it 
are so good that it is a pity that other parts have been spoiled by trying to 
comjpress too much into too little space. 

Chapters z and 2 contain a skilf^ly condensed description of the iron- and 
steel-making processes (some sections of which are perhaps just too much 
condensed to be easily intelligible to anyone unfamiliar with the subject), 
and an interesting and useful account of the various products. This is 
followed by a chapter on the constitution of metallic systems, which would 
have to be considerably enlarged to make it really useful. Ibe next three 
chapters, which occupy nearly half the book, describe, from the theoretical 
and practical standpoints, the heat-treatment, properties, and uses of carbon 
steels, stnictoral alloy steels, and special alloys, such as high-spe^ steel and 
stainless steel. As would be exited from the fact that the boc^ is a Sheffield 
product, and that the author has had considerable practical experience of 
steel making, these chapters are excellent. They alone are well worth the 
cost of the b^k. The remaining chapters deal interestingly, but too briefly 
(considering the comprehensive title) with the common non-ferrous alloys. 

The book can be recommended as a aood introduction to metallurgy for 
engineers, especially for those interested m the ferrous branch of the subject. 
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In many ways it is superior to others of its class — ^the diagran^ and miczx>« 
graphs with which the text is illustrated, are, for example, genuinely instruct 
tive and not merely ornamental. The only real fault of the book is the 
brevity with which parts of the subject are dismissed. 

M. S. Fisbxr. 


■OTAVT 

ns Medioinal and Poisonous Plants ot Southern Africa. By Prof. J. M. 
Watt and Dr. Maria G. Breyer-Brandwijk. [Pp- ** 4 - 314, with 
12 plates in colour and 14 in black and white.] (Edinburgh : E. & S, 
Livingstone. Price 255. net.) 

This work, which should prove a valuable book of reference, treats of the 
poisonous South African plants, and those known, or believed, to have 
medicinal virtues, arranged in their respective families. Details are fur- 
nished as to the ^emical nature of the essential substances that have been 
isolated, and also such information as is available regarding their pharmaco- 
logical and poisonous effects. 

The authors point out that the native medicinal lore is extensive, but is 
rapidly vanishing, and hence in these pages they have attempted to record 
the facts regarding the folk-medicine of South Africa whilst the data are still 
available. Some of these native remedies are probably of little, if any, use, 
as for example the native “cancer cure** by the use of Sutherlandiafptiescens ; 
trials with which have proved negative. To stamp out an epidemic of colds 
the Sutros utilise an infusion of Aloe latifolia, in which the entire population 
of the village must bathe in public. But if some, such as these, scarcely appear 
to warrant inclusion in the official Pharmacopoeia, there are others which are 
efficient and sometimes even drastic, such as the purgative obtained from the 
seed of Jatrophe curcas, the efficacy of which is attested by the native name 
of ** Hell Oil.** 

There are numerous poisonous plants in South Africa which are the cause 
of serious losses to farmers such as Urginea spp., Omithogalum glaucum, 
Crotalaria spp., Trihulus lerreslris, Dichapetalum cymoeum, Cynanchiettm 
afneanum, and Geigera spp. But there still remains much work to be accom- 
plished in filling in the gaps of our knowledge. The relation of toxicity to 
habitat is a promising field for investigation, as is shown by the fact that the 
bruits of Solatium ntgrum, which are poisonous in Europe, are eaten with 
impunity in S. Africa, whilst the effect of soil is witnessed by the much higher 
tomcity of Cotyledon orbiculaia when growing on the clayey soil of the M^a- 
liesberg than when growing in the sandy soil of Onderstepoort. The effect 
of burning veld is often to render certain toxic species relatively, if not 
absolutely, more abundant, with a consequent increase in cases of poisoning, 
but this aspect of the successional ecology has as yet scarcely been studied. 

It is obvious, in turning over the pages of this work, how much remains to 
be done in this field, and the authors have rendered a distinct service to 
pharmacology in bringing together existing data and thus rendering evident 
the numerous lacunas that await filling. 

E. J. Sausbury. 

OiOao« By Dr. C. J. J. van Hall, late Director of the Institute for Plant 
Diseases, Buitensorg. Second Edition with illustrations. [Pp. 
xviii + 514.] (London : Macmillan & Co., 1932. Price 285. net.) 

For the benefit of readers not familiar with the first edition of this book 
which appeared in 19x4, it should be stated that it was written with a view to 
emp h as i sin g the practical aspects of the subject. It is admitted by the author 
that practical plating work can only be learned in the field, but in his opin^ 
many practical men Imow how to act to get the best result without knowing 
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the reason for their action ; it is this deficiency which the book is intended 
to supply. Since the first appearance of the book, however, views about the 
cacao plant and its culture have undergone considerable modification^ and 
this has necessitated making extensive alterations in many chapters. The 
book, which is profusely illustrated, is divided into twenty-one chapters 
dealing with a large variety of aspects of the subject, such as geographical 
distribution, the chemistry of the cacao, botanical characteristics of the 
plant and its varieties, cultivation of cacao, selection, fermentation, and wash* 
ing, etc. Diseases and enemies form the subject of one chapter, which has 
b^n much enlarged ; an interesting account is given of the combating of the 
bugs which attack the plant by means of ants. Another chapter which has 
had considerable additions made to it is one dealing with methods of culture 
adopted in the various cacao-producing countries. The book is well produced 
and very readable, and contains a we^th of information which will be much 
appreciated by those in quest of enlightenment on almost any aspect of the 
subject of the cacao plant and its cultivation. 

P. H. 


BOOXOOT 

Baoent Advanoes in Cytology* By C. D. Darlington, D.Sc., Ph.D., with a 
Foreword by J. B. S. Haldanb, M.A., F.R.S, [Pp. xviii -f 559, with 
8 Plates, 109 Text-figures, and 66 Tables.] (London: J. & A. 
Churchill, 1932. Price i8s. net.) 

The title of this book is rather misleading, for it is concerned exclusively with 
that special branch of cytology which deals with the nucleus and only men- 
tions the C3rtopla3mic structures when they have a direct bearing on nuclear 
phenomena. It should, as Mr. Haldane remarks in the foreword, bo called a 
treatise on Karyology. The subject of nuclear cytolo^ has attained its 
present prominence and importance largely on account of its close relation to 
genetics. It is, however, a separate study which, as Dr. Darlington points 
out. rests on its own postulates and using its own technique . . . provides 
an independent tool for the investigation of heredity, variation, and evolution. * ' 
During recent years the subject has advanced with extraordinary rapidity, 
and its methods have become quantitative and analytical rather t±ian purely 
descriptive. In this book the author’s treatment of his subject-matter is 
frankly critical, and often involves long chains of deductive reasoning. Those 
who read it expecting to find in it merely a summary of recent descriptive 
cytology may well be surprised to find t^t this branch of morphology has 
already become a largely deductive science. In consequence those unac- 
customed to the deductive method will find it difficult reading. 

The took provides a masterly review of an immense amount of recent 
litmture on nuclear C3rtology in both plants and animals, some idea of the 
extant of which can be gained from the fact that the bibliography contains 
about a thousand references. The author’s clear and logical style, and the 
numerous figures and diagrams in the text do much to mitigate the inherent 
difficulty of the subject. The last chwter is devoted to a theoretical dis- 
cussion entitled, ” The Evolution of C^etic Systems.” In it the author 
develops Ms own views, which are stimulating and amazingly interesting, 
though difficult to digest and highly theoretical. The value of the book is 
furtlm enhanced by the inclusion of Appendices on ” Cji^ological Interpre- 
tation,” Recent Improvements in Technique,” and a ” Glossary,” in which 
the terms employed in the text are defined. 

We wanmy recommend tiie book to Botanists, Zoologists, Cytologists^ 
and Geneticists alike, to all of whom it should prove of supreme interest, and 
we congratulate the author on having produced it 

F. W. R. B. 
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BrcAtatti of MaMfs Onmtti. By |0liah S. Huxunr. {jPp. xix <f 376, 
with 105 iUiiatratioiiA.] (Londcm: Methuen ft Co., X93^« Brioe 
X2X. 6^. net.) 

It is a matter of common observation that the organs and limbs of an organ- 
ism do not always increase in site at the same rate as the organism taken as 
a whole. Striking examples of this are to be seen in the large chelae of the 
fiddler crab and the antlers of deer, which increase in size much more rapidly 
than does the rest of the body. This so-called heterogonic growth results in 
obvious change in the form of the organism which may be progressive during 
the growth p^od or may be discontinuous. 

Starting from the assumption that the rate of growth of any organ is 
proportional to a specific constant /9 which is characteristic of the organ, 
to the sise y of the organ at the time, and to a general factor G which is depend- 
ent upon age and environment and is the same for all parts of the body. 
Prof, Huxley shows that if x be the size of the rest of the oody — 

g-^j/Gand 

where a is a specific constant characteristic of the rest of the body, from 
which it follows that — 

log y - ^log X 4- log 6, or y ■■ 
a 

b and k being constants. 

Prof. Hu^ey first tests this empirical formula by means of quantitative 
data drawn from a wide range of organisms* and he endeavours to show that 
there is a constant partition coefficient of growth intensity between an o:^an, 
appendage or limb* and the body as a whole over long periods of an organism's 
life. In the applications of the formula to actual data the time factor is not 
taken notice of* but only the changes in the relative size of parts of the body 
with increasing size of the whole, and it may therefore be that the rate of 
grovrth is not the factor which is regulated* but that there is some natural 
limit to the size to which an organ can grow in proportion to the size of the 
rest of the animal* which limit is the important controlling factor from which 
the rest follows. For this interpretation there is a good deal of evidence. 

It is then shown that differential growth of an organ or limb is not charac- 
terised by a uniform distribution of excess growth potential throughout this 
part* but by a growth gradient in one or more directions from a centre of 
high growth potential situated within or at the extremity of the organ or 
limb. These growth laws* if such they may be called* only appear to operate 
during the later stages of growth after histological differentiation has been 
completed. Accretionary growth* in which the new material deposited is 
itself incapable of further grov^h* ^ves rise to structures of special types* such 
as the logarithmic spiral seen in Nautilus and some Ammonites wffich arises 
naturally from a unifonn growth gradient combined with this mode of tissue 
formation. 

Prof. Huxl^ then discusses the obscure physiological mechanism 
underlying these general principles of growth and their bearings upon the 
theory of evolution. Although it must be admitted that a good dead of the 
quantitative data could be equally well fitted to other empirical formulas* 
a good case has been made out for further study of the one emidoyed in this 
work because of its usefulness. Apart from this the diseneskm* around a 
oontiderable collection of quantitative material* of the whole subject of size 
lefulatioiiof parts of an organism in relation to the whole renders the work 
an important contribution to biology. 



REVIEWS 733 

fba loQial I4b ol Mmikaya and Apai. By s. Zuckekmav. [Pp. wH + 337, 
with 24 plates.] (London: Kegan Paul« Trench, IMraer A Co.» 
X932. race Z5S. net.) 

Tnza new volume in the IfUmuUional Libraty of Psychology is based essenttaUy 
on the author's own researches into the physiology and ^havionr of M>es and 
monke3r8 at the London Zoo, particularly the baboons at Monkey Hin ; field 
observations on baboons in ^uth Africa are also included. But the scope 
ol the book is somewhat wider than the title would suggest. Holdhig, as M 
does, that social behaviour " is determined primarily by the mechanisms of 
reproductive physiology." Dr. Zuckerman has given a full and careful survqr 
of the present state of knowledge regarding the ph3rsiology of reproduction 
in mammals generally and its repercussions upon behaviour, with a view to 
elucidating just how the primates, which are predominantly social, difier from 
the lower mammals. In general it may be said that the female of the lower 
mammal comes on heat and is capable of mating only at periodical intervals, 
while the prixnate female, though exhibiting some periodicity, is at all times 
attractive to the male. " It is important to recognise," writes Dr. Zucker* 
man, " that the sexual behaviour of the primate is uninterrupted, reflecting 
the more or less continuous activity of the hormone oestrin. Female 
monkeys and apes do not periodically experience the abrupt transition from 
a sexu^ to a non-sexual state that is undergone by the lower mammal. Both 
male and female primates are always sexually active to some extent, their 
heterosexual interests providing the bonds that hold them together in per- 
manent bisexual associations. It is in this that primate society differs from 
the associations which may be formed by those lower mammals that breed 
at all times of the year. In these associations the link between the male and 
female is constantly broken and remade. Sexual bonds become obvious only 
at cestrous periods that are separated from each other by phases of pregnancy 
and nursing. The male lower mammal is not stimulated sexually by a 
pregnant or lactating female, whereas the primate may be. The primate 
family consists of male, female or females, and young, but the family of the 
lower mammal consists only of the female and her young " (pp. 146-7). 

This thesis is illustrated and supported by numerous facts drawn from a 
thorough study of the literature and from personal observation. A yety full 
and interesting account is given of the behaviour of the baboon colon]r in the 
Zoo, which seems, however, to have been rather abnormal in containing a 
surplus of males, a circumstance which led to a series of vicious and repulsive 
" sexual fights." The twenty-four photographs included relate to this colony, 
and give a vivid picture of the daily life and behaviour of these animals. 

The book is a very valuable contribution to the study of reproductive 
behaviour in general, and of sexual behaviour in apes and monkeys in par- 
ticular. It is very fully documented ; there is a rich bibliography, covering 
the psychological as well as the physiological literature ; it is therefore of 
value as a storehouse of facts, in ad&tion to its interest as a presentation of 
the author's own views. The psycholc^cal part of the theme seems to us 
to suffer a little from the aridity of the behaviouristic point of view which 
Dr. Zuckerman feels compelled to adopt. 

£. S. Rossxll, 

A IhoKt Bstory ol Biology. A Qenmd Infroduotton to the Stady ol liviiig 
Things. By Charlbs Szngsr. [Pp. xxxv + 572.] (Oxford : at the 
Clarendon Press, PriGe z 8 r. net.) 

Of the books dealing with the history of special sciences, those devoted to 
btology are perhaps the least satisfact^. Tliis is largely due to difficulties 
Inhimit in the nature of toe subject. xSuriiig the greater part of its history, 
bkdogy iuff ered in a special degree from a lack of such cotnprebenMve ptin* 
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ciples as have given, say, to astronomy and physics a more or less •3r8tematie 
character over a comparativdiy long p^od of time, even when those principles 
were subsequently shown to be inaccurate in some ways. In histories of 
biology one is only too often treated to a considerable number of rather 
detached accounts of distinct investigations* There are comparativelv few 
books in any language in which the story of biology is related in a sufiQiciently 
coherent manner to enable the reader to see the wood as well as the trees. 
Dr. Singer's Short History is certainly one of these few books. The English 
translation of Eric Nordenskifild's History of Biology (1929) is another. And 
English readers interested in the subject can do no better than study these 
two works together. For they supplement each other very usefuUy and 
instructively. Whereas Nordenskidld's account gives mainly a simultaneous 
presentation of all the biological investigations of each period, Dr. Singer's 
method consists chiefly in tracing separately the story of special problems 
and their solutions. 

Dr. Singer has made his task peculiarly difficult by attempting to te^h 
the science and the history of biology at the same time. The idea of te^hing 
science, any science, historically is excellent. But it is much more difficult 
than to teach the science alone or the history alone. And the further attempt 
to teach both subjects " in simple language '* is certainly a laudable ambition. 
One can only say, and say it gladly, that Dr. Singer has accomplished his 
difficult task admirably — so admirably that it would be unfair to stress any 
of the small defects, or dubious matters, that may be found in his pages. 
And the numerous and excellent illustrations which adorn the book are as 
valuable as they are helpful. 

The work is divided into three parts. Part I is devoted to " the older 
biology " from Hippocrates and Aristotle to Vesalius and Harvey. Part II 
deals with " the historical foundations of modem biology," and discusses 
historically such general topics as scientifle induction and scientific instru- 
ments, scientifle classifleation and nomenclature, the geographical distribu- 
tion of plants and animals, and the problems of evolution. Lastly, Part III 
explains the emergence of the main themes of contemporary biology, namely, 
ceU and organism, vital activity, relativity of functions, biogenesis, individual 
development, sex, and heredity. The general plan of the book shows that 
the author has no undue reverence for merely antiquarian lore, and that he 
treats the history of the past mainly as an aid to the elucidation of the 
present. 

Dr. Singer's occasional digressions into the general history of science and 
even into some of the problems of philosophy may strike some as not alto- 
gether relevant or felicitous, but others are just as likely to enjoy them. 
Here are a few suggestions to be considered when a new edition is called for* 
The addition of a subject index would be welcome. So would a few small 
additions to correct such loose ends, «.g. as the explanation of Van Helmont's 
archeeus by reference to Aristotle's unexplained " entelechy " ; or the ex- 
planation of the terms gsnus and species, while dealing with sixteenth-century 
biologists, without indicating whether the terms had such meanings at that 
time already. The view that Aristotle was an evolutionist should deleted. 
These, however, are small matters. The book as a whole may be confldently 
recommended to the general reader as well as to the student of biology* 

A* Wour* 

Chmvagni BiologicL x* Convegno : Biologia Marina. Napoli. Decembre 
Z931. (Consiglio Nasionale della Ricerche. Comitato Naaionale per la 
Biologie e Comitato Talassografico.) Roma. Viale del Re. r47 ] 
(Price L. 15.) 

Tn fii^ of the Biological Conventions instituted ^ the National Council 
of Research (National Committee for Biology and Thalassographical Com* 
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mittee) met at Naples in December xg^t at the Zoological Station, having 
for its subject Marine Biologv. The papers read at this convention are now 
issued in a neat volume published by the National Council of Research. 

These conventions were instituted in order to bring together workers in 
all biological sul^ects to discuss general problems and recent research, and it 
was lit that the first of these should meet in the celebrated Marine Station of 
Naples in order to concentrate on all the important marine work accomplished 
and still going on. In his opening words Dr. F. Bottazzi welcomes the dele* 
gates, outlines the aims of the conventions, and with special reference to the 
Naples Station expresses the hope that the meeting may lead to more his 
countr3rmen making use of the splendid facilities for marine work ofiered to 
them there. The remainder of the volume is taken up by six papers, all of 
great interest, which summarise in brief the main subjects in which their 
authors specialise. The first, by Dr. R. Dohm, Director of the Naples 
Zoological Station, treats of its history and work in general ; the second 
and third, by Dr. R. Issel, are on the nature and annual cycle of the marine 
plankton, and some of its problems. Dr. G. Colo$i*s contribution is on 
animal form and its relation to marine life. Dr. G. Brunelli shows the 
progress of Oceanography and the Fish Industry, whilst Dr. M. Sella deals 
with the migrations of the tunny and Dr. S. Ranzi with the influence of the 
ambient on the reproduction of marine animals. All these are very useful 
summaries of up-to-date research in different countries on the various 
subjects, and fully justify the institution of these conventions, which it is 
hoped will continue to meet in such a satisfactory manner, embracing more 
and more subjects and attended by more and more delegates from still 
farther afield. 

The volume has two excellent portraits, one of the late Antonio Dohm 
and one of the late Salvatore lo Bianco, both of whom did so much for the 
Naples Station. 

M. V. L. 

A Kataralist in fhe flniana Forest. By R. W. G. Hingston. [Pp. ix -f 384, 
with 150 illustrations and x6 plates.] (London : Edward Arnold, 
193a. Price i8s. net.) 

This delightful book consists of two parts — first, a general account of the 
Oxford Expedition to British Guiana in 1929, and second, a series of chapters 
on certain features of the natural history of the region which specially appealed 
to Major Hingston. British Guiana was chosen because it provided a good 
example of a tropical rain forest, and the main objective of the expedition 
waa to study the tree canopy which is formed by the tops of the larger trees 
at an average height of some Z30 feet. Various devices were tried to get a 
footing in this upper world, and with the help of the natives it became possible 
to haul up observation chairs to the top of the canopy and to make observa- 
tions from them. Collections of insects were made by means of traps sus- 
pended at different levels. For the full results we shall have to await the 
scientific reports on the expedition, but Hingston calls attention to one general 
result which has already emerged, namely, that the forest exhibits a definite 
horizontal zonation or stratifi^tion as regards both the vegetation and the 
animal life. Hingston gives a very vivid description of the forest at its 
different levels, and a lively account of the efforts which the expedition 
made to become acquainted with its teeming life. There are a number 
of excellent photographs in this section of tixe book. 

In the second part Hingston describes in detail, and with illustrative 
diagrams, protective devices in spiders* snares, new and strange forms of 
snares, protective resemblances in spiders and insects, caterpillar cases, 
inodes of nest suspension by birds and spiders and insects, and a number 
of other inteiestmg natural-history fac^ He is greatly impressed by 
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Hie wideepfeed occnrreiioe of protective resemblance* Ever^ now and 
then/^ he writes, ** as we walk under the canopy a moth, invisible in its 
natuial Inrldng place, les^ np at our feet as if it were a dead leaf sprung 
into life. There are other grey kinds which settle on pale-<oloured bark, 
others with green and ydlow patterns that exactly blend with moss and 
hchen. Othm, like Thmnia, which rest flat on leaves where they are mis- 
taken for the excrement of birds. The stick-like Mantids and leaf-like 
Phasmids, some kinds green, others withered, though so well known, yet 
never ieH to make one reflect on the staggering perfection of their harmonisa- 
tions. As though unsatisfled with being the detailed image of a leaf, some 
kinds sway themselves gently and irregularly so as to imitate the leaf swinging 
in the wind* . . . There are literally thousands and thousands of insects 
which illustrate in structure, habit, pattern, and colour the universal law of 
harmony'* (pp. 82-3). The curious zigzag and spiral patterns, the radial 
thickenings and blol^, which appear on many spiders' webs liingston regards 
as protective devices to mislead a possible enemy as to the position of the 
spider itself. 

One feels, with regard to many of these cases, that a few definite experi- 
ments would be more convincing than the endless piling up of instances of 
resemblance which look to us as if they ought to have protective value. In 
particular one would very much like to know whether these resemblances 
and devices appear to other animals as they do to us, whether the bird and 
insect enemies of the forms in question perceive and are deceived by the 
resemblances which to us are patent. We cannot safely assume that these 
enemies have the same perceptual world as ourselves. There is here great 
room for experimentation. It is indeed one of the great weaknesses of the 
Hieory of natural selection that the direct experimental evidence in its 
favour is singularly scanty ; its upholders have depended very largely upon 
abstract reasoning to establish its existence, but here an ounce of experi- 
mental fact would be worth many pounds of logic. The question of inter- 
pretation does not, however, aflect the value of the numerous and interesting 
facts which Kingston sets out in his book. As a study in animal ecology and 
behaviour the bwk has permanent value. 

In an Appendix twenty-seven new species of spiders are described. 

£. $. Rossxix. 

imzozns 


Tb$ VhytiM Meehantim ol the Human Hiiid. By A. C. Douglas, M.B., 

Ch.B. [Pp. xiv + 251.] (Edinburgh: £. Sc S. Livingstone, Z932. 

Price 155.) 

The title of this book indicates very clearly its purpose. The author sets out 
to demonstrate that a complete scientific theory of mind may be presented 
upon a materialistic basis, being convinced that Dualism with introspective 
awysis as its sole method of investigation is incapable of leading to an 
naderstanding of the problem. 

The epening chaptes contain some general considerations as to the 
edition ox Mind and Matter and of Life and Mind, from which it is concluded 
**that increased potentiality of mind emerges paH passu with increased 
complexity of organic structure, and cannot be otherwise attained.*' The 
author then gives a simple, but sufliciently adequate account of the findings 
of modem ph3fsiology as to the properties and modes of action of muscle and 
nerve , which lead him to believe that the only factor concerned in the 
mopagation of a nerve impulse is a physico-chemical change. Lapicque's 
UMory of chronaxie, which offers an explanation of many of the physiological 
fOSHlti of muscle and nerve activities based on such changes, is foUmed with 
iomii detaiL It would have been satisfactory to have had from the author 
aa espial consideration ci Sherxington^e humoral theoryi which is not open to 
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the criticismfl which have been applied, as he himself paints out, to saiiie of 
the details of Lapicqne’s Hhtory, The author, however, has clsasly been 
most concerned to sh^ that given a certain set of physical conditions in Ihe 
nerve, alterations in these would lead to precisely those efiects which axe 
found in ph3rsiological reactions. 

In the next section of the book he shows by ingenious and helpful diagrams 
how the complexities of the nervous S3rstem have been graduwy developed 
from the initial simple connections. Having thus established the stmctiiral 
physiological bases of his theory, he then turns to the construction of a 
scientihc synthesis which will cover the chief mamfestations of mental 
activity. Attention, perception, association, memory, thought, knowledge, 
belief, reason, will, and imagination are all discussed in terms of the physio- 
logical findings. The development of speech and symbolic thought are also 
explained upon similar lines. A hnal chapter on the limitation of mind 
brings to an end a book which gives a well-reasoned and clear statement of a 
very complicated subject. No book dealing with this particular problem 
can be exactly light reading, but the author builds up his case so gx^ually, 
and illustrates his argument with actual cases so slcUfolly, that whether he 
convinces his reader or not, he will certainly rouse his interest, and that 
probably to an increasing extent as he reads. 

w. c. c. 

The Extra Pharmaooposia of Martindale and Weatoott. 20th ed. Revised 

by W. Harrison Martindalb. Vol. 1 . [Pp. xlviii + 12x6.] 
(London : H. K. Lewis, 1932. Price 27s. 6i. net.) 

It is appropriate that this twentieth edition of the EMtra Pkafmacopaia 
should appear to celebrate the Jubilee of the publication of the first Edition 
in 1883, prepared by the son of one of the original authors. From the slim 
volume of 313 pages of fifty years ago it has become a two-volume work, of 
which the present first volume comprises no less than twelve hundred and 
sixty-four pages, only saved from unwieldiness by the use of admirable small 
type and thin paper. 

The character of this indispensable work of reference is too well known 
to require commendation, and it will suffice to say that the resetting of the 
type has rendered the text admirably clear. 

E. J, S. 


XXEOSLXiAarSOVE 

Bailplanes* By C. H. Latimer Needham, M.Sc. [Pp. xx + 268, with 296 
figures.] (London : Chapman dc Hall, 1932. Price net.) 

The science and practice of gliding has made great strides in the last ten 
years, mainly in Germany. Nowadays, when it is the fashion to decry tbs 
Treaties of Versailles and Trianon, it is perhaps only just to point to one 
science and industry which would probably not have been evolved without 
the restrictions on the building of power-driven aircraft, which their firamexa 
imposed on the Central European Powers — ^with results which they certainly 
did not anticipate. The construction of motor-less aeroplanes, at first as 
models and then as manned gliders, and the study and use of the vertical 
convection currents up mountain sides and under rain clouds was brought 
to a fine art by the members of the Rhon-Rossittea Gesellschaft under Dr, 
CkKM^. Their methods are now being copied and improved upon by branches 
of the British Gliding Association. 

The first two parts of the book deal with the design and construction of 
^^ers. Naturally, most of such matter is common ground with aeroplane 
design, but the requirements of strength and stability witii lightom par- 
tiotiiar to this type axe carefully coasktaed. Detasla m suooesam types axe 
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included. In tiie third, and, perhaps, the most interesting portion of the 
work, the author gives an outline cl gMer d3mamics. The methods of taking- 
o£[ and soaring in albatross fashion are clearly explained. Incidentally, hm 
is another possible use for the new mode of propulsion by rocket, to give 
the impetus to get a glider oft the ground, and into the convection wind. 

A number of appendices contain useful data and reflations for sailplane 
builders and users. Altogether, this book is a very informative and well- 
produced treatise on current English and German glider practice. Dr. 
Magnan's work in France on bird &ght is not mention^, but should find a 
place in a subsequent edition, as it laid the foundation of experimental glider 
reeearch. 

E. G. R. 

The Calenlatton of Transmission. By Margaret Fishbnobn and 
O. A. Saunders. [Pp. xii + 28.] (London : H.M. Stationery Office, 
X932. Price xos. 6d. net.) 

The authors of this book, as explained by Sir Richard Threlfall in a foreword, 
were commissioned by the Fuel Research Board to write an account of the 
present state of knowledge of radiation, conduction, and convection, more 
particularly on the experimental side. This report is but a prelimini^ to 
a thorough investigation of the scientific principles which should underlie the 
design of furnaces. It will be evident, from a reading of this book, that such 
an investigation is very necessary. Research on the subject up to the present 
has been mainly empirical, and the work has not been co-ordinated — each 
investigator dealing with the little problem at hand — and often the results 
of different investigators seem conflicting. A good deal of useful information 
does emerge, however, from the survey which the authors have presented in 
the convenient form of a series of graphs. The value of the work is enhanced 
by worked examples emplo3dng the data which are given. Naturally, 
dimensional metlu^s are ^eely employed. 

The authors seem to have purposely passed over papers dealing with 
determinations of thermal constants, but we think that a mention at least of 
such work would have been an advantage in such a treatise, as much of the 
information gained in such academic research is of direct use to the engineer. 

A well-arranged subject-index enables the engineer to find quicluy the 
data relevant to any problem with which he has to deal, but the book could 
have been improved by the addition of critical summaries to the mass of data 
presented under each type of transmission. 

E. G. R. 

Vital Beoords in the Tropics. By P. Granville Edge. UPp. xi + 167, with 
I plate.] (London : G. Routledge A Sons, 1932, race 75. 6d. net.) 

On the cover of this small volume we are told that it is no dry-as-dust 
textbook,*' and further acquaintance with it confirms that view. It would 
be easy to advocate the immediate establishment in tropical countries of 
<daborate census and registration systems similar to those now in use in 
European countries. It would be about as useful to advocate the instalment 
of an automatic telephone system in Central Africa. It must be remembered 
that these systems are only successful where the people have been gradually 
educated to be both able and willing to give the information asked for. 
Thera are some countries, including at least one in the tropics, where the 
attempt to tabulate causes of death under the international code of diseases 
at present merely results in large volumes of misleading and inaccurate figures. 
Mere compilations of statistics collected by unsympathetic officials from a 
suspicious and ignorant populace who have no understanding of the reasons 
for making the inquiry nor accurate knowledge of the answers to be given is a 
thankless and usdiess task. The better course is to work from simple begin- 
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nings, aiming at convincing the people step by step of the benefit which 
accrues to themselves of obtaining accurate records of the vital evmts in their 
family and tribal life. It is in th& way that our own 83r8tem of vital registra-* 
tion has been built up. 

Mr. Edge attempts in this book to enlist the interest of administrators 
in the task of constructing s3rstems of vital registration on such foundati(ms» 
into account the conditions and state of civilisation of the people 
concerned. To quote from his prefatory note. The introduction of small- 
scale inquiries should aim first at securing the voluntary co-operation of 
limited groups of people. With the extension of such inquiries, accumulated 
experience will indicate more surely what, and when, legislative measures 
might be introduced, compelling for the territory as a whole a course of action 
to which a large proportion of the population had already been subscribing 
by voluntaiy effort.*' Hasty and ill-considered attempts to secure elaborate 
vital statistics relating to undeveloped areas may only, he points out. ** impede 
rather than accelerate ultimate success in this field of work.** His attempt 
deserves success, for he writes, not only with an understanding of the conditions 
of life in tropical countries and of the natural prejudices of the natives against 
official inquisitiveness as to their private affairs, but also with an enthusiasm 
and wealth of common sense. 

Three chapters are devoted to methods of census taking, and in these he 
rightly emphasises the importance of carefully selecting and training the 
native enumerators, a lesson not fully learnt even in our own coimtry untU 
the recent census, when an attempt to utiUse the services of unemployed 
men led to grave difficulties. Useful suggestions are made as to how the 
prejudices of the populace may be overcome and an approximate grouping by 
ages obtained. Vital registration of births, deaths, and disease are then dealt 
with, a point of special interest being the suggestion of a practical method of 
seco^g records of births and infant deaths by means of attractive metal 
discs to be worn as ornaments as long as the child survives, and then returned. 

Several chapters are finally devoted to methods of presentation of the data 
secured, a short list of fifty most important causes of death in tropical coun- 
tries being suggested, which can be correlated with the international code of 
nomenclature. 

Mr. Edge's work can be recommended as a useful handbook for all who 
are intieresM in the compilation of vital records of tropical countries. 

At Home witb tbe Bavigs. By J. H. Dribbrg. [Pp. x + 267. with ly 
illustrations.] (London: George Routledge A Sons. Ltd.. 1932. 
Price 7s. fid. net.) 

Tub author of this book has had fifteen years' service as District Com- 
misskmer in Uganda and the Sudan. He says that be had received no 
training whatever in anthropology before going to Africa, and he was then 
entirely unacquainted with the literature of the subject. Mr. Driberg is 
concerned here, as in his earlier works, with illustrating the wrongness of such 
a position and providing information which should make it impossible for any 
future administrator of tuimitive peoples to be similarly situated. Adminis- 
trators must have an adequate knowledge of the native cultures with which 
they are brought in contact before they can hope to serve the best interests 
of both the rulers and ruled. This has often been said in recent years, but 
there still seems to be a need for the lesson to be repeated in order that it 
may be effectively acted on. 

At Home with the Savage gives an interesting introduction in non-technical 
lanmage to the customs and beliefs of primitive peoples in general. Such 
tc^cs as the standpoint of the individuid. the organisation of the family, of 
the clan and of larger groups, warfare, education, religion, and economic Ufe 
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m tell in tom. TtMi w ri te ntttmm the point that onfy fiotii matte 
in ao lar as the pcnctieal politios whkk be has at heart are oonoemed. and he 
goea out of Ua way to aasert that aodological theoriea, physical aathsopology 
and archeology are of little practical relevance to-day. It is almost im pl ied 
that these mm academic aspects of anthropology are never likely to be of any 
importance to those who govern backward peoples^ but such a view may weU 
be contested. Nothing is said of the obvious importance of demographic 
and medical statistics, and one may hcpe, at least, that physiological and 
eugenio data will ultimately give valuable guidance in the connection con- 
sidered. The difficulty of obtaining information of this kind is illustrated by 
an account of the order of a well-meaning Government that births should be 
rsgistoed. A registration fee was impo^, and this was so much resented 
by the natives that the women left the villages at the time of delivery and the 
children were bom in a neighbouring mountain region. There they died 
in hundreds, and a measure introduce nominally to benefit the community 
would, if enforced, have led to its extinction.** The epilogue to this book 
consists of a num^ of stories similar to this one illustrating the errors that 
maybe made by officials who are ignorant of native customs. It is not claimed, 
of course, that this volume is a sufficient guide to social anthropology for the 
puspoees cd the district officer. The cultures of even neighbouring primitive 
peoples are often found to be essentially difierent in many respects, and an 
mcompleto acquaintance with a particular one may be as dangerous as none 
at ail. The administrator must make an intensive study of the people of his 
own district, both by reading and observation in the field, if the justice he 
dispenses is to be even-handed. The plates are of natives and native sur- 
roundings in various parts of the world, and several of them seem to bear 
little n&tion to any matters dealt with in the text. One, for example, is a 
rqmduction of a male and a female reindeer carved in ivory in prehistoric 
times. 

ft- 


Inicoduottoii to Theoretioal Seismology. Part n, Beismometry. By F. W. 

SoHON, S. J. [Pp. viii + 149.] (New York : John Wiley A Sons ; 

London : Chapman A Hall, 1932. Price 165. 6d. net.) 

TilBRB is no sharp line of demarcation between theoretical and practical 
srismometry, inasmuch as practical considerations usually ded^ what 
theoretical investigations are necessary ; personal preference must therefore 
partly settle what is to be called ** theoretical.** Few, however, are likely to 
cUaagree with Fr. Sohon*s choice of material and his treatment ; the work is 
not a mere uncritical compilation, but is written by an experimentalist who 
knows both how his instruments should behave and how they do behave. 
The treatment may be called theoretical, perhaps, because it does not refer 
to such practical considerations as spiders* webs, but the experimentalist 
need not fear that all ha will learn is the theory of types of instruments that 
he is not interested in. 

The discussion is necessarily mathematical in many places, but the con- 
dusions and formuhs are dearly stated, and the mathematics is intelligible to 
readers of quite moderate mathematical attainments, vrithout being of the 
cumbrous type often employed with a view to ** simplifying ** the treatment. 
Mcmiograms are given for Galitzin magnification and for computing epicentral 
distaiices. Tadm have been compute of a number of useful quantities, and 
a critical table is given to facilitate corrections for clock rate. * 

The discussion of friction indudes a valuable exposition of the theory of 
aMiis-friction, and it is shown how to disentangle from a decay-curve the 
aSmts of solid friction, and of fluid friction ; such treatment ignores friction 
depending on the square of the velocity, but Ft. Sohon does advise that any 
viaocma damping devicaa ahcmld be ao adjusted that, effective^, ordinary 
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viacotitf predominatee over eddy viscosity. The Galitdn seismograph, with 
the tapping test, naturally occn^es a good deal of the available mace. In a 
short but important chapter devoted to the onset of a new phase, the Beriage, 
Benndorf, and Galitadn methods of representing the onset are explained. 

It is inevitable that in a work occupying only 149 pages, ixicluding the 
index, something has to be sacrificed. It is unfortunate that adequate 
references are not given, or, failing that, a bibliography. As it is, the reader 
is given no means of following up various topics that may appeal to him, and 
he is even invited to look up a paper by Wc^ and Anderson (p. 62) without 
being told either the title or the publication. The section on ** Forms of 
Suspmsion ** on p. 23 could have b^n usefully illustrated by di^ams. 

The number of misprints noted is not large ; the following may be 
mentioned : 

P. 58. Equation (65), for x read ir. 

P. 65. In the line following equation (87) the second U should be i«. 

P. 69. Diagram. The top ordinate should be 3T/2 not 3T/T. 

P. 77. In equation (109) a has been written for 

P. 94. Equation (154). The bar should not extend over AA^T. 

P. 95. Equation (157). For 0*7689 read 0*7698. 

P. 128. The curve marked should be marked P«SS#P. The S,S 
curve has been omitted. 

P. X34. It should be stated that the circle is of unit radius. 

It ought to have been ihentioned that according to equations (77) on p. 62, 
pw is between o and tt, and the same condition should used to remove the 
ambiguity in equation (98) arising from the use of the many-valued function 
arc tan. Actually this definition is given later on (p. 97), but in a special 
problem, and after the reader has presumably worried out the point for 
himself. 

The type is clear, the paper good, and the arguments well set out. Even 
those seismologists who have little to learn from the book (and these will 
not be many 1) will find it a valuable reference-book, and its perusal should 
suggest furaer lines of investigation. 

R. Stoneley, 

Pistol v« Polsixs. A Handbook on Hnmane Slaughtering. By Lbtticb 
Macnaxjghtbn. Foreword by Viscount Lbb of Fareham and 
Preface by Prof. R. G. Linton, Ph.D., M.R.C.V.S. [Pp. 164.] 
(London : Chapman & Hall, 1932. Price 21s, net.) 

Ik twenty-five years of persistent and reasonable advocacy of reform in the 
methods of slaughtering anim^ for food. Miss Macnaughten has acquired a 
considerable mass of information which she has summaii^ in this book. It 
is a weighty volume b-^use Miss Macnaughten has endeavoured to present 
the views, apart from their quality, of everyone who has discussed the methods 
of slaughtming cattle, sheep, pigs, and calves, Jewish and Mohammedan 
methods of slaughter, slaughtermen, slaughterhouses, humane killers, and 
legislation. Mr. L. M. Douglas has contributed a chapter on stunning-pens 
and pig-traps. 

A custinguished, authoritative, and fervent worker for the relief of animal 
suffering, Mim Macnaughten is most informative and convincing when writing 
on the morals and ethics of her subject. The text and the ninety-five care- 
fully selected illustratioiis, some of the latter being a shade ** overdone," 
conclusively prove that her case is morally and ethically sound. Unfor- 
tunately, her condusions are not clearly stated, but they are implidt in the 
text prided the general reader is prepared to sift a great mass of observation 
and surmise^ with which the book in overloaded. However, the evidence 
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diowi that tho technique of converting cattle, sheep, and swine into beef, 
mutton, and pork is very complex, although the essential act (i.s. slaughter) 
is relative]^ very simple* There is only one criterion for the destruction of 
life by civilised man — the act must be instantaneous. If only this obvious 
criterion had been accepted as the basis of private and public discussions, 
a great deal of discord would have been prevented and Miss Macnaughten's 
book would have been much smaller and more readable. Slaughtermen and 
meat traders are a fair sample of the general population, and naturally they 
resent the implications of the term humane being applied to their work. 
In the mouths of many nninstructed humanitarians/' careless of human 
susceptibilities, the word humane *' can be made very ofiensive. Even the 
title of this book has not been happily chosen. It would appear improbable 
that any method of slaughter will give universal satisfaction so long as econo- 
mic criteria are weighed against those of the humanitarian ; but some pro- 
gress might be made if instantaneous destruction bo accepted as the guiding 
principle. 

Miss Macnaughten is not so successful when handling such highly technical 
subjects as the factors affecting the keeping qualities of meat, splashing," 
etc. Accurate definition of these problems is not materially influenced by 
observation and surmise of meat traders, justices of the peace, borough coun- 
cillors, and so forth ; it can only result from the controlled experiments of 
competent biologists. Science should now be called in to complete the great 
work which will ever be associated with Miss Macnaughten 's name. Her 
book is of great value for its wealth of information and for its teaching that 
though the end be ideal, the means of attaining the end on behalf of animals 
and man must be practical. 

Tom Hare. 

Frab Water. A History and a HarriMve ol tbe Oreat Lakes. By G. A. 

CuTHBERTSON. [Pp. 3 1 6. with illustrations.] (Toronto : The Mac- 
millan Company of Canada ; London : Macmillan Sc Co. Price 365.) 
The aim of the author is to present a history of the ships which navigated 
the Great Lakes so as to include their development with political and geo- 
graphical developments, from earliest times to the present day. Good use 
has been made of previous studies, such as those of Mahan, Parkman, Grant, 
Cruikshank. The author has also availed himself of official documents, 
English and French, and thus has enhanced the historical value of the work. 

The development of the Great Lake region and of the interior of the 
continent, of the mineral wealth and the conversion of this waterway into 
a commercial highway are all matters of international importance. The 
evolution of this great commercial highway and the historical struggles in 
North America have been made of great interest. The illustrations, which 
number over thirty, are admirably chosen to aid the text, and their artistic 
value too will be appreciated. 

The historical matters are treated vividly with careful regard to accuracy 
and fairness. The final chapter of this interesting book deals with the rise of 
the shipping companies now engaged in transportation on the Great Lakes. 
It seems unfortunate that the wesdth of detail provided does not include any 
trade returns or statistics of cargoes carried. May the reviewer suggest that 
some such details, together with port returns, might make jyet another 
appendix ? It is unfortunate that a few blemishes are to be found in the 
compiled bibliography and in the names of one or two French ships. The 
index, however, is fuU and reliable. 

The book makes very pleasant reading and will be appreciated by a wide 
circle of readers, amooi^ whom will be included the historically and geo* 
(laphically minded. 

}. Eumg CoLscLoxjoa. 
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MmM and Hnmin Bipeftenoa. By Herbert Dxngls, AasMtnt Prcxfatoor 

of Astrophysics, Imperial College of Science and Technobgy ; Hon. 

Secretary, Ro3ral Astronomic Society. [Pp. 142 .] (Lwdcm : 

Williams Sc Norgate, 1931. Price 6s. not.) 

Tins volume contsuns the substance of four lectures on *' The Nature and 
Scope of Physical Science/* which Prof. Dingle delivered at the Royal Institu- 
tion in X931, and an additional chapter on ** Science and Religion.** Here 
we have, if not exactly a confession of faith, then at least a philosophy of 
science and a good de^ besides. Scientists, and astronomers more particu- 
larly, have in recent years written a great deal on philosophy. It is not 
always very clear where precisely they draw the line between their science 
and their philosophy. One sometimes has the feeling that what they under- 
stand they call science ; what they don't understand they call philosophy. 
Naturally, there is ample room for such philosophy ; and one ought to feel 
grateful to those who have the courage to think aloud about such problems. 
Considering its small size, this book has a remarkably varied and attractive 
list of contents, ranging from the birth of modern science to relativity and 
the quantum theory, and including such fascinating and contentious topics 
as the relation of science to art, to literary criticism, and to religion. And on 
all these themes the author writes in a way that should interest the general 
reader as well as the student. 

There is only one criticism I shall venture to make, and even that one I 
make with some diffidence. It seems to me that Prof. Dingle's use of the 
terms experience and conception is rather ambiguous, possibly confused, and 
that the lack of sufficient clarity in his use of these terms, which constitute 
the key to his philosophy of science, obscures or even undermines his exposi- 
tion of his main theses. " By experience (he writes) I mean everything of 
which we are conscious except rational conceptions. I think of consdousneas 
as composed of reason, on the one hand, and all sensations, feelings, emotions, 
passions, and the like, on the other ; the latter constituting what I mean by 
experience. * * This may seem clear and unobj ectionable. But it soon appears 
that Prof. Dingle does not distinguish between experience, as such, and the 
object of which it is an experience. Thus, for instance, he describes physical 
objects, God, etc., as ** experiences.** Now, to norm^ people the physical 
objects of which they have experience always appear to be distinct from, and 
even independent of, the experience which they have of them — ^in fact, they 
are much more aware of the objects than of their consciousness of the objects. 
The identification of the two calls for some justification. It is not self-evident 
that an object of experience must itself be an experience. Similarly, when 
Prof. Dingle denies that ** illusion '* has any meaning for science, this can 
only bo on the ground that one experience, qua experience, is as real as another^ 
For instance, the visual experience of a stick bent in water is as real as the 
tactual experience that the stick is straight. But usually people are not 
concerned with experiences as such, but with the objects of their experiences, 
and thus regarded, the bent stick is an ** illusion,** the straight stick is not. 
The fact that the apparent bending of the stick can be explained by the laws 
of refraction does not do away with the illusion, for only the rays are bent, 
not the stick. The same ambiguity haunts Prof. Dingle's use of the term 
conupt No distinction seems to be drawn between the conception (or idea) 
of an object and the object conceived. When electrons and protons are said 
to be ** pure conceptions,** does this mean that they are actually ideas, or 
only that we must think of them through ideas and cannot perceive them ? 
If the former, then the view needs justif^g. It is not self-evident that what 
is conceived by means of a concept must itself be a concept. Again, does 
Ptof. Dingle really mean to identify the laws of Nature (that is, the alleged 
re^larities of natural events) with their verbal formulae ? Sometimes, 
inaeed, Ptof* Dingle writes as though he embraced Vaihinger's philosophy of 
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** as that is, the view that scientific explanations are not intended to 
suggest more than that things behave ** as if there were electrons, etc. ^ 
But there are other passages which do not bear such an interpretation. Of 
course, if Prof. Dingle accepts “ experiences and " concepts,*' as such, for 
his ultimate realities, then he cannot escape from the kind of idealism which 
Eddington and Jeans embrace. But all three seem to me to suffer from ^e 
same kind of philosophic confusion. Prof. Dingle's treatment of causality 
and symbolism tends to confirm the suspicion that his book is lacking in clarity 
of philosophic thought, although it has many good qualities. 

A. Wolf. 

Boonomios in Primitive Communities* By Richard Thurnwald, Professor 
« of Ethnology and Sociology in the University of Berlin. [Pp. xiv + 
314.] (Oxford University Press for the International Institute of 
African Languages and Cultures, 1932. Price 255. net.) 

Economics in advanced communities is a study of vital importance to-day, 
and any aid which it may be possible to give it should be welcome. One 
might anticipate that a study of the economic life of primitive communities 
would at any rate offer simpler problems for solution, and that the principles 
deduced from its data might possibly aid in the analysis of more complex 
conditions. Even in this field, though, it appears that different authorities 
find it difficult to reach any real agreement. This book opens with the state- 
ment that the theory of three stages— a hunting leading to a pastoral and 
thence to an agricultural — ^which was once generally accepted, must be 
rejected entirely because it does not accord with the facts. It is said that the 
idea of development along a single line does not help in these matters. In each 
primitive community all activities of life are harmonised into a complete 
whole, and different aspects of it cannot be separated and considered in isola- 
tion. The complexity of the problems to be solved must be realised from the 
beginning. Economic systems are determined by the interplay of geo- 
graphical and social conditions, and psychological traits must also be con- 
sidered. Having prepared his readers to expect no simple generalisations, 
Plrof. Thurnwald deals with different aspects of the subject in detail, dividing 
his survey into the three sections : " conditions of primitive economics," 
" types of economic life," and " forms of economic activity." A biblio- 
graphy is appended, and he refers constantly to the first-hand descriptions 
of primitive societies in different parts of the world given in the sources cited 
there. By far the greater part of this book is taken up with the presentation 
and comparison of tiiis detailed evidence, and the reader may well be confused 
by such a wealth of material exhibiting such diverse features. It is concluded 
t^t economic and political orgamsations are connected in a peculiarly 
intimate way, and that the evolution of these aspects of social life must be 
traced together. It is impossible to summarise in a few words the many 
minor generalisations which are brought forward. Several of the anthropo- 
logical and sociological terms used are defined in a preface, but no definitions 
are given of the economic terms, such as " money," and in the case of several 
of these it might be difficult to decide how Prof. Thurnwald would define 
them. It is not clear that a study of this kind would aid the economist in his 
efforts to solve practical problems, but it is bound to be of far greater interest 
to the cultural anthropologist. Diagrams are given Ulustrati^ the develop- 
ment of economic methods and simple technic^ skill. 

Tbib Lilt Omiss ol the ** Oimegie.** By J. Harland Paul. xvii + 331, 
with 198 illustrationa.] (Baltimore : The Williams and Wilkins Co* 
London ; Bailli^e, Tinda^ & Cox, 1932. Price 26s* 6<f. net) 

Hbxx is a record of the seventh and last voyage of the Carnegie, the ship 
belonging to the Department of Terrestrial Magnetism of rae Carnegie 
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Institation ot Washington, built» in 1909, entirely of noxMnagnetic material 
for magnetic and elecMcal survey work. By the end of the sixth voyage, 
which terminated in 1921. the Carnegie had sailed nearly 300,000 mues 
and had provided a complete magnetic survey of the oceans of the earth. 
The programme of the seventh cruise, which began on May i, 1928, in- 
cluded an elaborate oceanographic survey and a series of magnetic obse^a- 
tions directed to determine the secular changes in the magnetic elements. 
Half the programme had been completed and 52,000 miles traversed when, on 
November 29, X929, the ship was destroyed by a petrol explosion at Apia, 
Western Samoa, Captain Ault, the commander and chief of scientidc staff, 
and the cabin boy losing their lives. 

Dr. Paul, the'surgeon and observer for meteorology and oceanography, 
gives us a fascinating account of the human aspects of the work on board, of 
its often arduous labours and of its occasional pleasures, illustrated by a 
series of photographs which reflect the utmost credit on both photographer 
and printer. On the voyage many unfamiliar places were visited from 
Reykjavik to Rano Raraku. from K^ioka to Huancayo. and the author has 
something of interest to tell us and to show us about them all. Not the least 
interesting feature for the English reader is the extraordinary contrast 
between the receptions given to the expedition in England and Germany. 
At Plymouth it was welcomed by Capt. Arnold on behalf of the Royal Navy, 
and its members were entertained by Dr. Allen and Dr. Atkins of the Marine 
Biological Laboratory. Sir Frank Dyson travelled from London to visit 
them and the Royal Society sent a complete set (sixty volumes) of the records 
of the Challenger expedition. At Hamburg the expedition received an official 
welcome from the government and many scientific societies, an official host 
was appointed to look after the needs of the expedition and the entertainment 
of its members. They were taken to a special meeting of the Geographic and 
Oceanographic Societies in Berlin, the Deutsche Lufthansa provided an 
aeroplane for a flight over Hamburg, there were drives, in\'itations to dinners, 
operas, and cabarets, and, as Dr. Paul remarks, No doubt about it — we are 
welcome in Hamburg." A contrast indeed, though doubtless not without 
political significance. 

A pleasant and modest book containing much material of scientific 
impor^ce which will not be available in more formal dress for some time 
to come. 

D. O. W. 

Oambridlge Ezoavatioiui in Minorca. By M. A. Murray and Others. [Pp. 

50, with 52 plates.] (London : Bernard Quaritch, 1932, I^ioe 

125 . 6d. net.) 

Surprisingly little, and tliat of questionable value, has been written in 
English about the l^earic Islands. Of the antiquities of Minorca, outside 
Spanish archaeological journals not easy of access, the only reference of value 
is in CartaUhac's Monuments primitifs des lies BalSares, for which no data 
trom excavation were available. Archaeologists are tiierefore deeply in- 
debted to Dr. Margaret Murray for this work on her expedition to Minorca, 
and to the Curator of the Cambridge Ethnographical Museum by whom that 
expedition was suggested and financed. 

Minorca nossesses in the taula a form of megalithic monument which is 
unique. This, as its name suggests, is in appearance a flat table of stone, 
which is balanced on a pedestal. It is a monument, as a rule, of considerable 
•ise. The taula of Trapued, the site on which Dr. Murray was engaged, 
consiati of a slab X2 ft. 4 in. long, 5 ft. 7 in. wide, and 2 ft. i in. thick, xest^ 
on a pedestal 14 ft. 4 in. in he%ht from ground-level (total height of stone 
over x6 ft.), 9 ft. wide, and varyixig in thicjmess from x ft. to x ft. 6 in. The 
upright is fit^ into a groove in &e rock and also fits into a shallow groove 
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or mortiae in the nndendde of the slab. The slab is most carefully worhed« 
more so than the pedestal, and its edges are bevelled, thus reducing the area 
of the underside con8idercd>ly. The iatUa is always associated with one or 
more ialayotSt the peculiar stone towers of the Balearics, which Dr. Murray 
suggests were prehuitoric farmhouses. 

In this first part of her account of the excavations at Trapuc6 Dr. Murray 
describes the clearing of the temenos surrounding the taula and of the adjacent 
structures, and the uncovering of the iaula, of which previously very little 
was to be seen above the accumulations of vegetation, rubbish, and stones. 
Pottery, objects in stone, bone, bronre, and iron were discovered. All these 
are carefully described and figured. Dr. Murray's conclusion being that the 
monument belongs to the early bronze age, that it was hypaethral, and that the 
purpose of the taula was to serve as a cult object, and not as either an altar 
or a roof support, as Cartailhac suggested. 

Dr. Murray and her colleagues, of whom Dr. Edith Guest describes the 
human skelet^ fragments found in the adjacent gallery, are to be congratu- 
lated on a careful piece of work, and the thanks of students arc due to them 
for the careful descriptions and the exhaustive and skilfully prepared illus- 
tration of the objects found. 

Chxrriipondenoe and Papers ol Edmond Bailey. Arranged and Edited by 

E. F. MacPike. [Pp. xiv -f 300. with ii illustrations.] (Oxford: 

Clarendon Press, 1932. Ihice 21s. net.) 

We much regret that it is not possible in the April issue of Science Progress 
to give this very notable contribution to the literature of the history of 
science a review worthy of its interest and importance, but we hope that it 
may be possible later on to consider it in detail. Publication was rendered 
possible by a grant from the History of Science Society from funds allotted to 
them by the Carnegie Corporation of New York, but the work itself is the 
result of many years' research by Mr. Fairfield MacPike of Chicago, aided by 
the enthusiasm of many collaborators in this country, notably Mr. K. H. 
White and Mr. H. W. Robinson of the Royal Society, to all of whom full 
acknowledgment is made. Much of the material used is available only in 
manuscript form, and none of it is readily accessible, for care has t^n 
taken to omit matter found in all well-equipped scientific libraries. 

The letters, the unprinted papers, and the Halieiana enable the reader 
to form a vivid picture of the man and of his extraordinarily varied achieve- 
ments : at 20 going to St. Helena to map the stars in the south em 9ky ; 
at 30 persuading Newton to write the Principia and publishing it at own 
expense ; at 40 Comptroller of the Mint at Chester ; at 48 Savillian Professor 
of Geometry at Oxford ; at 64 Astronomer Royal. Between tiroes assistant 
secretary of the Royal Society, Commander of H.M. ship the Patamoor Pink 
and Queen Anne's Commissioner in Austria, and at all times communi- 
cating papers to the Royal Society on subjects as varied as his career. It 
is astonishing indeed that no ordered account of his life has yet been written, 
but Mr. MacPike has provided material which must surely provoke one in 
the near future. 
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